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31  October  194b 


HEADQUARTERS 

AIR  PROVISO  GROUND  COMMAND 
EGLIN  FIELD,  FLORIDA 

PROJECT  NO.  l—l!6~7 

COMPARATIVE  TEST  OF  THE  EFFECTIVENESS  OF  LARGE  BOMBS  AGAINST 

REINFORCED  CONCRETE  STRICTURES  (ANGLO-AMERICAN  BOMB  TESTS- 

PBOJECT  HJBY) 

1.  Inclosed  is  copy  of  Final  Report  of  Air  Proving  Ground  Command, 
%lin  Field,  Florida,  subject  as  above. 

2.  This  project  was  initiated  at  the  request  of  Headquarters  AAF 
by  letter  to  Commanding  General,  AAF  Center,  Orlando,  Florida,  subject: 
Anglo-Ameri can  Bomb  Tests,  dated  3 January  1946* 

3*  Object:  To  compare  the  performance  of  large  British  and 
American  bombs  when  used  against  massive  reinforced  concrete  targets. 

4.  Pui  pose  of  equipment  tested:  The  bombs  tested  are  designed 
to  penetrate  and  destroy  resistant  targets  when  dropped  from  high 
altitudes.  Bomb  sizes  ranging  from  2000-lb.  SAP  and  AP  to  22,000-lb. 

GP  and  SAP  were  used,  as  well  as  the  4500-lb.  concrete  piercing  rocket 
assisted  Disney  Bomb  and  a l650~lb.  scale  model  of  a 12,000  lb- 
concrete  piercing  rocket  assisted  bomb. 

5.  Description:  This  was  a joint  Anglo-American  bombing  project 
carried  out  against  the  reinforced  concrete  submarine  assembly  plant  at 
Farge,  Germany,  and  the  U-Boat  Shelter  at  Heligoland,  Inert  loaded 
bombs  were  dropped  at  Farge  to  determine  penetration  and  case  strength 
of  the  various  bombs  and  suitability  of  the  fuzes  and  adapter  boosters 
employed  in  these  bombs.  The  drops  at  Heligoland  were  with  explosive 
fillers  of  various  types  to  determine  their  sensitivity  to  impact. 

6.  Conclusions: 

a.  Not  any  of  the  bombs  tested  are  suitable  for  use  against 
massive  reinforced  concrete. 

b.  The  22,000-lb.  SAP  Amazon  bomb  (T2S)  and  the  4500-lb.  CP/BA 
Disney  Bomb  produced  the  greatest  penetration  of  the  bombs  tested,  but 
case  strength  needs  to  be  increased  to  withstand  break-up  on  secondary 
impact  after  perforating  a reinforced  concrete  roof  which  substantially 
reduces  the  bomb’s  velocity. 

c.  The  rocket  assist  on  the  4500-lb.  CP/RA  Disney  bomb  is  not 
reliable  in  functioning. 


1 


Wf-O-M  NOV  44  123 


V- 68310 


d.  All  of  the  explosive  filler*  tested  (see  Incloaure  12  of 
subject  report)  are  sufficiently  insensitive  to  withstand  high  altitude 
impact  against  reinforced  concrete. 

e.  The  L-9  Shackle  is  suitable  for  use  with  the  22,000-lb. 
Grand  Slam  bomb  but  is  unsuitable  for  use  with  the  22,000-lb.  SAP 
Amason  bomb. 

7.  Recommendations: 

a.  Action  be  taken  to  design,  manufacture , and  test  against  a 
resistant  target  such  as  Targe,  a bomb  with  smaller  diameter,  more 
pointed  nose,  and  greater  case  strength  than  the  22, 000- lb.  SAP  Amason 
bomb,  but  with  weight  of  explosive  charge  not  materially  reduced. 

b.  Consideration  be  given  to  a means  of  increasing  case 
strength  other  than  by  increasing  weight  and  thickness  of  bomb  body. 

c.  Improvement  in  the  reliability  of  functioning  of  rocket 
motors  be  effected,  and  provision  be  made  for  use  of  rocket  assist 

on  bombs  designed  as  above. 

d.  The  explosive  filler  with  the  greatest  explosive  power, 
selected  from  one  of  the  types  tested,  be  used  in  concrete  piercing 
bombs.  For  a list  of  the  fillers  tested  ses  Inclosure  12  of  subject 
report . 


e.  A shackle  be  developed  for  large  bombs  which  will  function 
satisfactorily  regardless  of  bomb  weight,  and  angle  of  suspension  of 
the  shackle . 


8.  This  test  was  carried  out  only  under  tolerate  climatic 
conditions.  '.) 


9.  Inclosures; 


Inclosure  1 - Test  Directive 
Inclosure  2 - Final  Report  (1-46-7) 
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• CARL  A.  B^DT, 

Brigadier  General,  U.S.A. , 
Commanding 
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4 Authy,  Ltr.  Hq,  AAF 

11  January  1946 
HEADQUARTERS,  ARM!  AIR  FORCES 
WASHINGTON 


3 JAN  1946 


AFREP 

SUBJECTS  Anglo- American  Bomb  Teats 

TOs  Commanding  General,  Army  Air  Force*  Center,  Orlando,  Florida 

1«  It  la  deeired  that  the  Army  Air  Forces  Center  organise, 
monitor,  and  assume  operational  responsibility  for  the  entire  Army  Air 
Forces'  phase  of  the  subject  tests, 

2.  At  the  present  time,  three  &-29  Aircraft,  with  flight  and 
maintenance  crews,  have  been  allocated  to  this  project.  These 
aircraft  are  now  undergoing  winterisation  at  San  Antonio,  Texas,  and 
will  be  available  for  movement  to  the  United  Kingdom  by  the  first  of 
February,  Four  (4)  additional  B-17  aircraft,  with  flight  and  main- 
tenance crews,  will  be  required  for  completion  of  this  project.  Due 
to  the  oomplete  lack  of  maintenance  facilities  in  the  United  Kingdom, 
sufficient  supplies  and  equipment  must  accompany  the  flight  echelon 
for  it  to  be  entirely  selfsustaining  for  a period  of  six  mor  .hs. 

While  the  B-17's  and  B-29'a  will  be  able  to  carry  much  of  tne  equip- 
ment, personnel  and  supplies,  it  will  be  necessary  to  utilise  Air 
Transport  Command  facilities  to  transport  the  remainder, 

3,  A project  officer  to  direct  this  operation  in  the  United 
Kingdom  yill  be  required,  Lt,  Colonel  D.  G,  Hawes  of  your  command  is 
recommended  for  this  purpose.  Flight  ersws  of  these  aircraft  must  be 
of  superior  caliber, 

4*  It  is  imperative  that  this  project  proceed  with  the  least 
practicable  delay.  Air  lift  for  supplies  and  necessary  equipment  will 
be  provided  by  the  Air  Transport  Command.  Tour  command  is  authorised 
to  communicate  direct  with  continental  commands  in  obtaining  necessary 
personnel  and  equipment  for  this  project. 

5.  This  project  is  assigned  an  ^>1  priority. 


BY  COMMAND  OF  GENERAL  ARNOLD) 


C OPT 


Incloaure  1,  Page  1 


/a/  C,  C,  Chauncey 

C.  C.  CHAUNCET 
Major  General,  U.  S,  Army 
Daputy  Chief  of  Air  Staff 


A'*  4,** 
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THE  ARMY  AIR  FORCES  BOARD 
ARMY  AIR  FORCES  PROVING  GROUND  COMMAND 
ORLANDO,  FLORIDA 

GLR/mep-F 
23  May  1946 
Armament  Branch 

SUBJECT:  Anglo- American  Bomb  Teats  (Project  *RubyM) 

TO:  Commanding  Officer,  AAF  Proving  Ground, 

Eglin  Field,  Florida 
Attn:  Proof  Division 


1.  The  AAF  Board  activated  project  No.  M-4885  this  date.  The 
following  information  is  relative  to  the  project: 

a.  Title:  nA  Comparative  Test  of  the  Effectiveness  of  Large 
Bombs  against  Reinforced  Concrete  Structures .* 

b.  Authority:  President,  AAF  Board. 

c.  Priority:  1A. 

d.  Classification:  Confidential. 

e.  Project  Officer:  Colonel  G.  L.  Robinson,  phone  1310. 

2.  The  test  program  will  be  that  prepared  by  representatives  of 
the  United  States  and  Great  Britain  for  the  Anglo-American  Large  Bomb 
Project  now  in  progress  in  England,  with  any  amendments  thereto  approved 
by  the  Military  Attache,  London,  England,  and  the  Commanding  General, 
USAFE. 

3.  The  tests  will  be  conducted  by  Proving  Ground  personnel  with 
equipment  detailed  to  the  NRubyN  detachment.  Mar  ham,  England,  and  organ- 
ised under  authority  of  letter  directive.  Headquarters,  AAF,  dated 

3 January  1945,  subject:  Anglo-American  Bomb  Tests. 

4.  All  previous  arrangements  relative  to  jurisdiction,  weekly 
reports,  and  general  operation  of  subject  tests  remain  unchanged. 

5.  It  is  desired  that  the  final  report  be  submitted  to  the  AAF 
Board  for  concurrence  prior  to  publication. 

FOR  THE  PRESIDENT  s 

COPY  /s/  Nb.  W,  Momyer 

Xncloeure  1,  Page  2 4 Hn#  MGMYIR 

Colonel,  Air  Corps 
Executive 


HEAD^ARTERS 

AIR  PROVING  GROUND  COMMAND 
EGLIN  FIELD,  FLORIDA 


FINAL  REPORT 

ON 


COMPARATIVE  TEST  OF  THE  EFFECTIVENESS  OF  LARGE  BOMBS  AGAINST 
REINFORCED  CONCRETE  STRUCTURES  ( ANGLO-AMERICAN  BOMB  TESTS  - 

PROJECT  “RUBY”) 


PROJECT  NO.  1-46-7 


IndoBure  2 
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1.  OBJECT; 

To  compare  the  performance  of  '-'ritish  and  American  bombs  of 
standard  and  soecial  design  when  used  against  reinforces  concrete 
targets.  Particular  attention  will  be  given  to  the  following; 

a.  Penetration. 

b.  Strength  of  cases,. 

c.  Insensitivity  of  exploder  system. 

d.  Reliability  of  pistols  and  fuzes. 

e.  Insensitivity  of  main  fillings. 

2.  INTRODUCTION ; 

a.  The  end  of  World  War  II  left  both  the  AAF  and  the  RAP 
with  many  unanswered  questions  concerning  the  effectiveness  of  bombs 
against  reinforced  concrete  structures.  One  problem  was  to  find  out 
why  heavy  bombs  developed  toward  the  end  of  the  war  (the  British 

12.000- lb.  Tall  Boy  and  22,000-lb.  Grand  Slam  and  the  American  counter- 
parts, the  12,000-lb  T10  and  22,000-lb.  TII4.)  failed  to  penetrate 
thick  concrete  in  the  manner  predicted  by  formulae.  This  was  thought 
to  be  the  result  of  breaking  up  of  the  oase  on  impact,  or  else  because 
the  sensitivity  of  the  explosive  filling  or  exploder  system  was  such 
that  the  bomb  exploded  on  impact  prior  to  fuze  action. 

b.  Running  parallel  with  the  development  of  large  bombs  was 
a project  for  obtaining  high  striking  velocities  by  means  of  a rocket 
assisted  U, 500-lb.  British  bomb  called  the  Disney.  For  technical 
reasons  this  bomb  could  be  carried  only  on  B-17  aircraft,  and  was  used 

by  the  Eighth  Air  Force  towards  the  end  of  the  war.  In  striking  concrete 
the  same  difficulties  were  encountered  as  with  the  Tall  Boy  and  Grand 
Slam.  Both  the  PAF  and  the  AAF,  therefore,  were  interested  in  the 
problem  of  bomb  versus  concrete.  Post  war  tests  were  initiated  by  the 
RAF  to  answer  some  of  these  questions.  As  early  as  June  19b5,  the 
concrete  V-weapon  structure  at  Watten  was  used  as  a target  (Trials  I, 

II,  and  IV,  see  Inclosure  2),  but  it  was  too  small  a target  for  com- 
prehensive tests.  Later  the  more  heavily  reinforced  and  larger  Subma- 
rine Assembly  Plant  at  Farge , Germany,  became  available,  but  as  this 
was  located  in  the  Americjin  Enclave,  the  British  had  to  seek  American 
cooperation  to  use  it.  Trial  VII  was  completed  and  Trial  IV  repeated 
in  August  19U5  using  the  Farge  target.  In  Trial  IV,  the  British 

2.000- lb.  AP  bomb  was  used. 
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e.  Up  to  this  point,  American  participation  had  consisted  of 
B~17  aircraft  of  the  40th  Combat  Wing  dropping  the  Disney  bombs  for 
the  British*  Then,  because  of  the  rapid  retrenchment  of  organisations 
qnd  elimination  of  bases  in  the  UK  after  termination  of  the  war  in 
Europe,  directives  were  issued  by  USAFB  for  the  assignment  of  three 
B-17  airplanes  oomplete  with  crews  to  RAF  Station,  Uildenhall,  England, 
which  was  to  be  the  base  of  operations  for  this  te.it*  A Joint  RAF-AAF 
program  for  bombing  the  Farge  and  Heligoland  targets  was  drafted. 

This  program  included  the  following  American  bombs t 2,000-lb.  SAP 
(J£L03) , fabricated  Tall  Boys  (T10)  and  fabricated  Grand  Slams  (T14). 
British  bombs  to  be  tested  included)  csut  Tall  Boys,  Dieneys,  and  a 
1,650-lb.  model  of  a 12,000-lb.  concrete  penetrating  rocket  assisted 
bomb  (an  enlarged  version  of  a Disney)* 

d.  Because  ef  lack  of  maintenance  personnel,  inadequate 
supply  channels,  inexperience  of  bombing  teams  and  vagarlss  of  the 
weather,  the  B-17  aircraft  at  Uildenhall  were  unable  to  accomplish  any 
missions.  It  was  them  decidsd  that,  to  expsdite  the  test,  a self- 
sustaining  detachment  of  highly  skilled  sir  crews,  maintenance, 
supply,  technical  and  administrative  personnel  would  be  assembled  in  the 
United  States,  furnished  with  three  B-29  aircraft  and  four  B-17  aircraft, 
end  flown  to  England.  This  marked  the  beginning  of  Project  “Ruby". 

This  contingent  arrived  at  RAF  Station,  Marham,  its  bass  of  operations, 
on  15  March  1946  and  bombing  operations  commenced  on  25  March.  Mean- 
while, the  three  B-17  aircraft  and  crews  at  Uildenhall  had  been  moved  to 
Marham  to  be  added  to  Project  “Ruby".  As  the  test  progresssd,  ths 
program  was  enlarged  to  include  the  newly  developed  American  22,000-lb. 
SAP  (T2S)  bomb,  called  the  Amaaon.  The  program,  as  finally  revised, 
included  Trials  I through  XXII,  three  ef  which  had  already  been 
accomplished,  (Trials  II,  IV  and  VII),  and  two  of  which  ware  subse- 
quently cancelled  (Trials  III  and  VIII).  This  left  eight  Trials  to  be 
accomplished  at  Farge  (Trial*  VI,H,X,H,XII,  Will,  XIX,  and  XXI)  for 
the  purpose  of  determining  penetration,  case  strength,  reliability  of 
fuses,  and  insensitivity  of  exploder  system, and  nine  trials  to  be 
accomplished  at  Heligoland  (Trials  I,  V,  XIII,  XIV,  XV,  XVI,  XVII, 

and  XX,  for  the  purpose  of  determining  insensitivity  of  various 
explosive  fillers,  and  Trial  XXII  to  determine  the  performance  of  the 
2000-lb.  SAP  HE  bomb  dropped  with  0.10  second  delay  fuses). 

e,  The  Submarine  Assembly  Plant  at  Farge  makes  an  ideal 
target  for  penetration  and  ease  strength  tests  of  inert  loaded  bombs, 
being  sufficiently  large  (1400®  x 31t' ) and  sufficiently  thick  (l4*-9“ 
to  23® -O"),  and  presenting  several  different  type*  of  roof  reinforcing 
(See  Inolosure  No.  4)«  However,  its  location  close  to  the  village  of 
Farge.  with  houses  within  the  500  yard  danger  area  and  an  electric 
power  plant  juat  outside  this  area,  makes  it  impractical  for  use  with 
HI  bombs.  For  this  reason,  all  sensitivity  trials  wore  conducted 
against  the  U-Beat  Shelter  on  the  uninhabited  island  of  Heligoland 


id  the  North  Su,  The  roof  of  this  target  is  ten  fsst  thiok,  ths 
shsltsr  being  506  fsst  in  lsngth,  and  310  fsst  wids  (sss  Xneloaure  10) , 


CONCLUSIONS  t 
»,  Psast ration* 

(1)  Not  any  of  ths  hoabs  tsstsd  srs  capable  of  perforating 
ths  23  foot  thicknsss  of  ths  Pargo  roof* 

(2)  Ths  22,000-lb.  Aaaton  bosb,  with  s striking  velocity 
of  1100  foot  psr  second,  will  perforate  ths  14* 
thicknsss  of  ths  Psrgs  roof,  and  can  bs  expected  to 
psrforsts  up  to  15'-10M  of  rsinforesd  oenereto  at  this 
striking  velocity, 

(3)  Ths  rockst  assisted  4500-lb.  Diansy  bomb,  with  a 
striking  velocity  of  1450  fast  psr  second,  will 
perforate  ths  148  9 -9"  Psrgs  roof,  sad  can  bs  szpsctsd 
to  psrforsts  tip  to  16* -4"  of  rsinforesd  cane  rots  at 
this  striking  velocity. 

(4)  The  4500-lb.  Disney  bonb  without  rocket  assist,  with  a 
striking  velocity  of  U50  fsst  psr  ssoond,  will  scab 
ths  underside  of  ths  14' -9"  Psrgs  roof,  will  perforate 
ths  10  foot  thiok  roof  of  ths  Heligoland  target,  and 
can  bs  szpsctsd  to  perforate  up  to  12' -IQ"  of  roinforsod 
concrete  at  this  striking  velocity* 

(5)  The  American  22, 000-lb.  fabricated  Grand  81a*  (T14) 

boab  will  ponstrato  into  roinforsod  concrete  at 

1150  fsst  psr  seoend  striking  velocity,  5°«2"  at  850 
fsst  psr  ssoond,  and  4* -7"  at  620  fsst  psr  second 
striking  velocity. 

(6)  Ths  American  12, 000-lb.  fabricated  Tall  Boy  (T10) 
baab  will  penetrate  5* -8“  into  reinferced  sons rets  at 
850  fsst  psr  ssoond,  and  3*«*5"  at  620  foot  par  second 
striking  vslooity* 

(7)  The  British  12,000-lb.  east  Tall  Boy  will  psnetrate 
5'-7"  into  rainforood  cone  rets  at  a striking  vslooity 
of  1150  foot  pcs*  ssoond,  3*-9“  at  850  foot  p<  r ssoond, 
and  3f-0N  at  620  foot  par  ssoond* 

(8)  The  British  2GOO»lb*  AP  bonb,  with  a striking  vslooity 

of  1150  foot  psr  ssoond,  will  penetrate  6*-0"  into 
rainforood  oo nereis. 


•**  *> 


(9)  The  inert  loaded  2000-lb,  SAP  (K103)  bomb,  with  a 

striking  Telocity  of  lOp  to  1100  feet  per  second,  will 
penetrate  only  y~l*  into  reinforced  concrete* 

(10)  The  Picratol  filled  2000-lb,  SAP  (K103)  bomb,  fuzed 
for  0,10  second  delay,  and  dropped  from  20,000  feet, 
will  scab  the  underside  of  the  ten  foot  thick  Heligoland 
roof,  lhe  bomb  will  blow  through  lesser  thickneeses  of 
concrete,  such  an  the  roof  overhang,  averaging  six  feet 
thick, 

(11)  lhe  1650-lb,  Model  bomb,  with  a striking,  velocity  of 
1000  feet  per  second,  will  penetrate  40**  into  re- 
inforced concrete,  With  a striking  velocity  of  800 
feet  per  second  it  will  penetrate  3,-3*« 


(1)  The  Amazon  bomb  normally  is  strong  enough  to  withstand 
impact  on  concrets  at  striking  velocities  approximating 
1100  feet  per  second,  but  is  not  strong  enough  4 with- 
stand side  impact  occurring  after  perforation  of  a 
l4*-9"  roof.  Weakness  ef  the  rear  austenitic  weld 
eontritates  to  break-up  of  this  bomb.  So  ether  welds 
failed, 

(2)  The  Disney  bosh  normally  is  strong  enough  to  withstand 
iapact  on  concrete  at  striking  velocities  approximating 
14^0  feet  per  second,  but  is  not  strong  enough  to 
withstand  side  impact  occurring  after  perforation  ef  a 
l4'-9“  roof, 

(3)  The  Disney  boirb  normally  is  strong  enough  to  withstand 
secondary  impact  after  perforating  a 10  foot  roof 
with  striking  velocities  of  11 50  to  1^5°  fe*t  par 
second, 

(4)  The  200(MLb,  SAP  bomb  at  striking  velocities  of  1030 

to  1100  feet  per  second  has  approximately  a 70  per  cent 
chance  of  remaining  intact  upon  impact  with  reinforced 
ooncrete,  Those  which  break  up  fail  when  thr>  rear  por- 
tion of  the  case  strikes  against  the  back  of  the  crater 
aa  the  bomb  traces  s ricochet  path  in  concrete.  Of 
these  which  remain  Intact,  about  one-half  are  badly 
dented  by  this  same  action, 

(3)  The  fabricated  Grand  Slsc  bomb  will  break  up  upon  im- 
pact on  ooncrete  at  striking  velocities  of  85O  feet  per 
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second  or  higher , bat  the  hardened  eteel  rate  will  with* 
stand  Impact  at  velocities  up  to  1150  feet  per  second. 

The  weakness  of  the  stainless  austenitic  veld  joining  the 
base  ring  'to  the  bomb  body  contributes  to  the  break<*ap 
of  this  bomb.  None  of  the  ether  velds  felled.  Break-up 
is  eaused  by  the  striking  of  the  rear  portion  of  the 
boob  against  the  beek  of  the  oreter  as  a ricochet  path  is 
traced  in  concrete. 

(6)  The  fabricated  Grand  Tlaa  has  an  even  chance  of  re- 
maining intact  upon  1/  pact  with  concrete  at  a striking 
velocity  of  610  feet  per  second,  but  ricochet  and 
denting  are  probable. 

(?)  The  fabricated  Tall  Boy  has  e batter  then  50  per  cent 
chance  ef  remaining  intact  open  Impact  with  concrete 
at  a striking  velocity  of  610  foot  per  second,  bat 
ricochet  end  denting  ere  very  prebeble.  The  weakness 
of  the  oaee  at  the  rear  veld,  although  externally  rein- 
forced by  addition  of  extra  welded  metal  stripe,  oon— 
tributes  to  break-up  of  this  bomb.  Break-up  occurs  in 
the  seme  manner  as  the  Grand  Siam. 

(3)  The  Cast  Tall  Boy  will  break  op  completely  open  impact 
with  concrete  at  velocities  of  620  feet  per  second  end 
above.  Ricochet  of  the  nose  sectien  is  very  probable 
at  the  lever  striking  velocities.  Fractures  eeecr  down 
into  the  hardened  nose. 

(9)  The  2000-1 b.  A?  bomb  is  sufficiently  strong  to  with- 
stand Impact  on  oonorete  at  a striking  velocity  ef 
1150  feet  per  eeoond,  but  the  bomb  tends  to  ricochet 
or  rebound  from  the  oreter. 

(10)  The  16 50-lb,  Model  bomb  is  sufficiently  strong  te 

withstand  impact  on  concrete  at  a velocity  ef  1000  feet 
per  second,  but  its  length  to  diameter  retie  is 
apparently  too  great  to  prevent  bending  of  the  bomb 
oaee.  Beeauae  of  the  tendency  to  bend  upas  impest, 
the  bomb  rebounds  from  the  crater. 

o.  &1S2L  end  pistole. 

(1)  The  British  Tail  Pistol  No.  58  functions  satisfactorily 
on  4500-lb.  CP/SU  Disney  bombs  dropped  on  reinforced 
concrete  targets. 

(2)  5 is  British  Tail  Pistol  No.  47 A MK  II  funetlons 


bomb*  dropped 
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satisfactorily  on  tall  Boy  and  Grand  Sian 
on  reinforced  Conor ste  targets. 

(3)  Thu  T?23  tail  fuse  fitted  to  Amassn  bombs  will  withstand 
impact  on  heavy  concrete  provided  that  the  bomb  does  not 
break  up.  Pieatinny  Arsenal  tests  on  the  M39  Special 
Primer  show  that  this  Primer  sometime*  fails  to  ignite  the 
delay  powder. 

d.  Boosters  and  exploders,, 

(1)  The  exploders  in  Disney  bombs  are  probably  sufficiently 
insensitive  to  withstand  impact  on  concrete  without 
detonating.  Results  at  Parge  are  inconclusive  because  ef 
the  possibility  that  live  detonators  and  percussion  caps 
were  used  with  the  pistols. 

(2)  The  exploders  end  auxiliary  exploders  in  Tall  Boy  and 
Grand  Slam  bombs  a re  sufficiently  insensitive  to  with* 
stand  impact  without  detonation. 

(3)  The  composition  "A"  auxiliary  boosters  used  in  the 

k meson  bomb  are  insensitive  to  impact  on  concrete,  and 
are  satisfactory  for  use  in  concrete  penetrating  bomba. 

(4)  The  adapter  booster  in  the  2000-lb.  SAP  bomb  is  in- 
sensitive to  impact  provided  that  the  bomb  does  not  break 
up. 

s.  Fillers. 

(1)  All  of  the  types  of  explosive  fillers  tested  at 

Heligeland  will  satisfactorily  withstand  impact  against 
ooncrete.  Per  a list  ef  the  fillers  tested  see  Ineleemre 


f. 


4 


(1)  Sot  any  of  the  bombs  tested  s re  suitable  in  their 
present  form  for  use  against  mss si vs  rsinforesd  concrete. 

(2)  toils  the  Amason  boab  is  dimensioned  properly  for  good 
penetration,  it  needs  modification  to  increase  its  ease 
strength  to  resist  br oak-up  on  aids  impact.  The  etaii*- 
less  sustsnitie  weld  in  this  bomb  is  unsatisfactory.  All 

v other  welds  are  satisfactory. 

(3)  toil*  the  Disney  bomb  is  dimensioned  properly  for  good 
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penetration,  it  also  n«edi  modification  to  prevent 
break-up  on  side  impact.  Tha  stud  holaa  in  tha  eaaa 
contribute  to  break-up  on  aida  impact.  Tha  bomb  also 
naada  Modification  to  incraasa  tha  reliability  of 
functioning  of  tha  rookat  assist,  Badaaign  of  tha 
arming  wiro  ay at am  to  reduce  tha  langtha  of  tha  arming 
wires  would  aliminata  aoaa  roekat  failures , but  iaprove- 
aant  in  tha  firing  ayatam  ia  alao  naedad  to  inaura  com- 
plata  roekat  action  froa  all  roekat  tubes.  Tha  explosive 
ofcarga  of  tha  Dlaney  ia  not  larga  enough  to  eauae  Material 
daaaga  to  a aaaaiva  concrete  target, 

(4)  The  2G00-lb.  A?  and  SAP  bombs,  because  of  their  snail 
penetration  and  their  saall  axploaira  charge,  are  in- 
off  aotira  against  haary  concrete  targets, 

(5)  Tha  Tall  Boys  and  Grand  Slams  are  not  properly 
dimensioned  to  give  good  penetration  in  concrete. 

While  tha  fabricated  bombs  are  stronger  than  tha 
corresponding  east  bomba,  nsithar  type  nor  also  ia 
strong  enough  to  raaiat  break-up  in  initial  impaet 
froa  high  aititudas. 

(6)  In  bomb  design  a Material  inoraaaa  in  penetration  for 
a jiren  weight  ia  obtained  by  inereaaing  striking 
relooity.  Since  an  lncreaae  in  release  altitude  above 
20,000  feat  results  in  only  slightly  increased  striking 
valocit. , roekat  assist  la  essential.  Decreasing  tha 
bcab  diameter  also  results  in  greater  penetration,  but 
if  the  ratio  of  langth  to  diaaatar  exceeds  a certain 
critical  value,  (approximately  3 to  1)  the  bomb  will 
bend  excessively.  A alight  gain  in  penetration  is  also 
obtained  by  inereaaing  the  caliber  radius  of  the  nose 
ogive,  and  by  decreasing  ths  striking  obliquity, 

(7)  Ths  D-9  shackle  is  satisfactory  for  use  with  Tall  Boy 
and  Grand  Slam  bombs,  but  ia  unsatisfactory  for  use 
with  Aaason  bombs, 

4.  RECOMMENDATIONS  t 

a.  That  aotion  be  taken  to  design,  manufacture,  and  teat 
against  suoh  a target  as  Farge  a bomb  with  smaller  diameter,  more  point- 
ed nose  and  greater  case  strength  than  the  Aaason,  but  with  weight  of 
explosive  oharge  not  materially  reduced. 

b.  Consideration  ba  given  to  means  of  increasing  ease 
strength  other  than  by  increasing  weight  and  thlokneaa  of  bomb  body, 
i.e.,  using  multiple  layer  walla,  internal  ribs  or  corrugations,  or 
the  use  of 
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•pedal  all 07a. 

e.  Improvement  In  the  reliability  of  functioning  of  rocket 
motors  be  effected,  and  provision  be  made  for  use  of  rocket  assist  on 
bombs  desigied  in  accordance  with  paragraphs  a.  and  b.  above,  to 
further  increase  penetration. 

d.  A means  be  developed  for  obtaining  a striking  angle  of 
zero  degrees  in  order  to  increase  penetration,  eliminate  the 
uncertainties  in  bomb  behavior,  and  avoid  the  added  stresses  arising 
from  non-normal  incidence. 

e.  The  Farge  target  or  other  suitable  targets  be  used  for 
continued  tests  of  bombs  and  projectiles  against  concrete. 

f.  The  explosive  filler  with  the  greatest  explosive  power, 
•elected  from  one  of  the  types  tested,  be  used  in  concrete-penetrating 
bombs. 


g.  A shackle  be  developed  for  large  bombs  which  will  function 
satisfactorily  regardless  of  bomb  weight,  and  angle  of  suspension  of 
the  shackle.  — 

5.  RECORD  OF  TEST* 

Test  was  conducted  in  accordance  with  Test  Program,  copy  of 
which  is  attached  as  Inc Insure  2. 

6.  DISCP3JI0Ht 

»•  aaiSlti!» 

V 

(1)  Target  1 The  1400  foot  long  Submarine  Assembly  Plant 
at  Farge  has  a reinforced  ooncretc  roof  4-1/2  meters 
(141.9*)  thick  covering  68  per  cent  of  the  roof  area 
of  380,600  square  feet.  The  remainder  has  been 
thickened  by  the  addition  of  a top  layer  of  concrete 
2-1/2  meters  thick,  giving  this  portion  a total  thick- 
ness of  7 meters,  or  23  feet.  This  top  layer  had 
been  started  at  the  Eastern  end  of  the  structure  and 
had  progressed  toward  the  middle  where  work  was 
abandoned  when  the  region  fell  into  Allied  hands. 
Several  types  of  reinforcing  were  used  in  the  first 
roof  layer  (described  fully  in  Inclosure  4),  but  the 
principal  method  consisted  of  the  use  of  precast,  pre- 
•trerjed,  reinforced  concrete  bowstring  trusses  (see 
In  doe  ore  4,  page  2).  The  roof  plan  (In  closure  6, 
page  1),  shows  tfcs  arrangement  and  else  of  all  roof 
slabs  and  indicates  the  type  of  reinforcing  used. 
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Sine*  the  aiming  point  for  tho  balk  of  tho  releases 
woo  a bullsoye  painted  an  tho  4-1/2  motor  roof  at  a 
distaneo  300  foot  from  tho  Woat  oni,  tho  distribution 
of  Project  "Ruby"  bomb  hits  on  this  targot  (soo 
Iaelosuro  6,  page  2)  is  concentrated  on  tho  lectern 
half  of  tho  building.  When  hits  were  dosirod  on  tho 
7 aster  roof,  bombardiers  shifted  thoir  aiming  point 
last  ward  towards  tho  esnter  of  tho  building.  Tiro  holes 
through  tho  4-1/2  aster  roof,  but  bordering  on  tho 
7 aster  portion,  were  soaotiaos  used  for  aiming  points. 
Those  holes  wore  aaasod  by  Grand  Slams  dropped 
during  tho  war  by  tho  RAT. J Those  bombs  had  exploded 
after  partial  penetration  and  had  blown  a hole 
through  tho  roof*  Inclosure  4 (pages  13  and  14)  shows 
tho  location  of  theso  holes,  and  tho  das  ago  to  tho 
roof  oausod  by  those  beabs* 

(2)  Previous  Trials i Prior  to  activation  of  Project 

"Ruby",  the  British  had  completed  two  trials  on  tho 
Targe  targot  with  results  as  outlined  below  t 

(a)  In  TVial  IT,  thirteen  2000-lb*  AP  beabs  wore 
dropped  from  20,000  foot  by  Lancaster  aircraft, 
to  give  a striking  velocity  of  1140  feet  per 
second,  and  seven  hits  were  scored.  One  bomb 
ricocheted  after  penetrating  2 '-4",  struck  a 
vortical  wall,  and  fractured  the  base  plate* 

Tho  remaining  six  wore  intact,  although  one  had 
bant  slightly,  and  another  had  flattened  ceaaid- 
erably  at  the  baae.  Only  four  of  tho  six  ware 
considered  to  bo  fair  hits,  as  one  struck  an  tho 
edge  of  tho  roof,  and  another  etruek  on  a 
vertical  face  of  oanoroto*  Craters  of  tho  four 
good  hits  varied  from  $'-6"  to  4'-5“  deep,  with 
orator  diaaotor  averaging  10  foot*  Ctas  bomb 
rieoehotod,  ono  rebounded  from  its  orator,  and 
two  rial  nod  in  their  orators*  All  exploders 
wore  in  toot.  Pistols  were  net  fitted  to  thoso 
beabs.  The  penetrations  of  the  AP  beabs  oa 
Targe  were  consistent  with  earlier  results  at 
Watten.  Thera  two  hits  wore  obtained  from 
18,000  feet  (striking  velocity  1090  foot  per  see.) 
with  penetrations  of  5*-l"  and  5* -5".  Both 
beabs  wore  intact,  but  one  had  bounced  and  the 
ether  had  ricocheted  out  of  the  orator* 

(b)  In  Trial  VII,  Five  east  Tall  Boys  were  dropped 
by  Lanosstars  from  20,000  feet  (striking 
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velocity  1150  fast  par  second),  scoring  four 
hit*.  All  bombs  which  struck  broke  into  a large 
number  piaeaa.  Penetration  r triad  between 
5'-5"  and  5'*6N*  Inelosuro  7,  page  1,  ehowe  one 
ef  the  Tall  Boy  eratere  with  note  section  of  the 
bonb  lying  in  the  crater.  Also  shown  is  a photo* 
graph  of  the  base  of  the  sane  bomb.  Exploder 
containers  were  broken  in  soae  instances,  but 
exploders  had  not  detonated*  Pistols  were 
axaalned  and  found  to  hare  functioned* 

(3)  Trial  I (Planers  without  rocket  assist )t  Project 
"Buby*  B-17  aircraft  dropped  12  Disney  boabe  from 
20,000  feet  with  rocket  assist  not  functioning 
(striking  velocity  1150  feet  per  seoond).  The  bombs 
were  dropped  with  rosket  fuses  and  generators  "safe" 
(see  Inclosure  3 for  sketch  of  Disney  bomb).  The 
Iftaneys  used  in  these  trials  were  from  a Vickers 
Armstrong  lot  which  had  been  condemned  for  manu- 
facturing flaws.  Seven  hits,  all  in  the  4-1/2  meter 
roof,  were  scored.  Results  are  tabulated  in  Incl- 
osure 8,  Page  1*  A detailed  description  of  eaoh  hit 
is  given  below.  All  bombs  have  been  assigned  a plot 
number,  and  the  location  of  eaoh  hit  is  shown  on  the 
roof  plan.  In closure  6,  page  1.  Crater  profiles  are 
shown  in  Inclosure  9,  pages  1 to  4. 

n (a)  Piet  Mo.  2 1 This  boob  penetrated  U®-0"  into  a 
roof  slab  with  bowstring  truss  reinforcing. 

Bomb  lodged  in  roof  at  an  angle  of  28  degrees 
to  the  vertical,  intact.  Ceiling  below  was 
Callghtlr  s cabbed r (See  Inelosuro  7,  pages  2 and 
3) • Bomb  was  fitted  with  dark  58  pistols  and 
dummy  (wood)  exploders.  Detonators  and  firing 
caps  were  not  fitted  to  the  pistols.  Examination 
of  the  pistols  showed  that  they  had  functioned, 
but  the  striker  points  had  flattened  upon 
hitting  the  shoulder  of  the  empty  detonator 
holder. 

J (b)  Plot  No.  3 t This  bomb  struck  close  to  the 

Junction  of  four  roof  slabs  over  a*  supporting 
wall#  «nd  penetrated  11’ -1“  into  bowstring  truss 
roof  slab.  The  bomb  remained  &ntac€^  lodged  in 
roof  at  an  angle  of  21  degrees  to  the  vertical, 
(See  Inelosuro  7,  page  4).  Pistols  functioned 
properly.  Bomb  was  fitted  with  damsy  exploders. 
Detonators  and  firing  oaps  were  omitted. 
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(c)  Plot  No.  9»  Thi»  boab  struck  at  tha  junction 

of  four  roof  slab*  of  bowatrlng  truss  construction. 
Tha  raar  portion  of^boab  oaaa  broke  off  naar  lug, 
fraeturad  into  a nuabar  of  piacaa  which  fall 
around  tha  crater.  Tha  nosa  taction  lodgad  in 
tha  eratar  at  an  angla  of  32  dagraas  te  vertical. 
Thara  wara  cracks  18“  long  running  toward  tha 
nota  of  tha  bomb  from  tha  fraeturad  edge*  Two 
poasibla  explanations  for  the  braak-up  of  this 
bsab  are  advanced*  Che  is  that  the  bomb  bant 
excessively  and  snapped.  The  other  is  that  tha 
boob  got  squeesed  between  the  roof  sections* 
(Another  bomb,  Plot  No.  37,  which  alee  hit  under 
similar  cireuastanees,  broka  up  in  the  sams  way). 
Penetration  was  only  slightly  loss  than 

in  tha  two  previous  eases*  Pistols  functioned 
satisfactorily.  Bomb  was  fitted  with  wood  dummy 
exploders.  Detonators  and  firing  caps  were 
omitted.  Sea  Inclosure  7,  pages  5 and  6 for 
photographs  of  eratar* 

(d)  Plot  No*  10 i This  bomb  struck  on  roof  slab 
having  short  span  concrete  truss  reinforcing* 

For  description  of  this  type  of  construction, 
sea  Incloaure  4,  page  3*  Bomb  penetrated  9'-5" 
into  roof , resaining  intact  in  crater,  lodged  at 
an  angla  of  2$_  degrees  to  tha  vertical*  Pistols 
functioned  properly*  Bomb  was  fitted  with  doasy 
exploders*  Detonators  and  firing  saps  were 
omitted*  See  Inolosure  7,  page  7,  for  photo* 
graphs  of  bomb  and  crater* 

(a)  Plot  Mo.  26 s This  boab  struck  on  roof  slab 

having  60  os.  steel  I-bsam  reinforcing*  Point 
of  ispaot  was  near  Junction  of  four  roof  slabs* 
Bomb  rebounded  55  faet  frea  crater,  landing  flat* 
(3«. s Inclosure  7,  pages  8 and  9)*  The  nose  broke 
inta  three  pieces  an  secondary  impact.  Inspec- 
tion of  the  fractures  showed  that  the  break-up 
occurred  because  of  two  internal  flaws  in  the 
nose*  Otoe  ‘flaw  ran  alnost  entirely  across  the 
nose  of  the  boab  at  a point  about  2-1/2  inchei 
ahead  of  the  filler  eavity*  The  other  flaw, 
starting  at  the  transverse  flaw,  wae  in  a plane 
through  the  boat's  longitudinal  axis,  extending 
to  the  cylindrical  portion  of  the  case.  In cl- 
osure 7,  page  10,  shows  thsss  flaws.  Pene- 
tration of  this  boab  waa  below  normal,  being 
only  8*-7"*  Angle  of  penetration,  judged  fnaa 
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the  beck  slope  of  the  creter,  ves  28  degrees. 
Bomb  was  fitted  with  dummy  exploders.  Pistols 
functioned  satisfactorily,  firing  the  live  caps 
which  had  been  fitted.  Because  this  was  a 
faulty  boob,  the  penetration  has  not  been 
included  in  the  average  of  this  trial. 


(f)  Plot  No.  28 i This  boab  penetrated  10*-®"  at  the 
center  of  a roof  slab  having  bowstring  truss  re- 
inforcing. The  boab  severed  the  upper  chord  of 
one  bowstring  truss  and  deflected  a second  one 
upward,  as  shown  in  Inclosure  7,  page  11.  The 
boab  caae  to  rest  intact,  lodged  in  roof  at  an 
angle  of  25.5  degrees  to  the  vertical.  The 
soiling  below  was  slightly  scabbed.  This  can  be 
seen  in  Inclosure  7,  page  3,  at  the  top  left. 

This  boab  hit  on  the  saae  roof  slab  as  Plot  No.  2. 
Boab  was  fitted  with  dummy  exploders  and  live  oaps. 
Pistols  functioned  satisfactorily,  firing  the 
oaps. 


(g)  Plot  No.  29 i This  boab  hit  at  the  Junction  of 
two  roof  slabs,  over  a suppsvting  wall.  Short 
span  oonerete  truss  reinforcing  was  used  in 
these  slabs.  The  boab  penetrated  9' “3”,  bounced 
out,  and  caae  to  rest  1$  feet  behind  orator. 

(See  Inclosure  7,  page  12.)  Boab  case  was 
slightly  bent,  but  intact.  (See  Inolosure  7, 
page  13).  Angle  of  penetration,  judged  fron 
back  slope  of  crater,  was  34  degrees.  Boab  was 
fitted  with  duany  exploders  and  live  caps. 

Pistols  functioned  satisfactorily,  firing  the 
caps.  Since  this  bomb  bounced  out  of  the  crater, 
all  of  its  energy  was  not  expended  in  the  iapsot. 
Therefore,  the  penetration  is  not  representative, 
and  is  not  included  in  the  average  for  this  trial. 


(4)  Summary.  Trial  Xi  Considering  only  Plots  2,  3,  9,  10 
and  28  as  representative  of  Disney  impacts  without 
rocket  assist,  the  following  average  crater  character- 
istics are  deduoedi 
Average  vertical  penetration 
Maximum  penetration 
Minimum  penetration 
Average  angle  of  rest 
Averags  c rater  length 
Average  crate r width 
Average  depth  of  spall 
If  Plot  No.  9 is  omitted  on  the  assumption  that  it  ia 
not  a representative  iiit  because  of  break-up,  the 
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average  penetration  would  b«  unaffected.  Tha  pone- 
tration  pradictad  by  tha  lataat  formula  (Inclcsuie 
14*  page  2)  gives  11* -4"  for  tha  unassisted  Disney 
bomb, 

(5)  Trxal  III  (Disney  bombs,  rooket  assisted) > This  trial 
consisted  of  releasing  tha  Disney  bombs  with  rocket 
fuse  and  generator  "armed"*  Tha  M111A2  mechanical 
time  delay  fuse  was  set  for  a 'slay  of  34*1  seconds, 
allowing  free  fall  of  15*000  feet  before  initiation  of 
the  rockets*  The  burning  time  of  the  rockets  is 
approximately  thres  seconds*  This  imparts  an  addi- 
tional relocity  to  the  bomb,  and  brings  it  abore  sonic 
Telocity.  When  dropped  from  20,000  feet  altitude  cith 
a true  airspeed  of  220  mph,  the  striking  Telocity  is 
1450  feet  per  second*  Prior  to  dropping  these  bombs 
with  lire  rockets,  it  was  necessary  for  safety  reasons 
to  demonstrate  that  all  bombs  dropped  would  fall  with- 
in a radius  of  5CO  yards  of  the  aiming  point*  Practieo 
drops  wera  made  at  Orfordnaas,  England*  Kaeh  of  four 
bombardiers  dropped  one  bomb  from  20,000  feet*  Rockets 
functioned  on  three  of  the  four  bombs*  Errors  were 
reepectiwely,  50  feet  (left),  100  feet  (Orer),  direct 
hit,  and  100  feet  (short  and  right),  thna  demonstrating 
the  aimahility  of  those  bombs*  Twenty-two  Disney* 
were  then  dropped  from  20,000  feet  at  Parge,  scoring 
eleven  hits  mid  el wren  misses*  Seven  of  the  eleren 
hits  were  rooket  assisted  and  awren  of  the  eleven 
misses  were  also  rooket  assisted,  giving  s percentage 
functioning  of  63*6  per  cent  for  the  rockets*  A 
description  of  oaoh  hit  is  given  below*  Crater 
profiles  are  given  in  In closure  9,  pages  5 to  10* 

(a)  Plot  No.  37 t This  bomb  hit  st  a Junction  of  four 
roof  slabs,  over  a supporting  wall*  Bomb  pene- 
trated 9'-l“  into  a roof  slab  having  60  am.  stoel 
I-beam  reinforcing.  The  rear  section  of  the  bomb 
broke  up,  leaving  nose  section  lodged  in  erater. 
(See  Inclosure  7,  page  14).  This  break-up  was 
similar  to  that  of  the  unassisted  Disney  hit. 

Plot  No*  9*  and  under  similar  conditions  of  impact* 
Angle  of  penetration  was  37  degrees.  Inspection 
of  the  rooket  tubes  in  the  vicinity  of  the  orater 
shewed  that  the  rocket  action  had  been  incomplete* 
This  was  determined  in  two  ways*  Firstly,  there 
was  rooket  propellent  scattered  around  the  erater, 
and  secondly,  acme  of  the  rocket  tubes  recovered 
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failed  to  show  the  two  characteristic  blued 
band*  at  the  end  where  the  ooitle  is  welded  to 
the  tube.  Between  the  two  blued  bands  is  a 
white  ash  deposit.  If  ignition  scours  after 
impact,  these  eharaeteristie  markings  are  :mt 
present.  Inoloeure  7,  page  24  illustrates  the 
appearanee  of  the  tubes  in  the  ease  ef  proper 
functioning.  Since  the  rooket  action  was 
incomplete,  and  si nos  the  bomb  broke  up  in  the 
orator,  the  penetration  ef  this  bomb  had  not 
been  included  In  the  are rage  for  this  trial. 
Pistols  functioned  satisfactorily,  firing  the 
live  caps.  Bomb  was  fitted  with  live  explelert. 
The  eupl'oive  train  was  interrupted  by  use  ef 
dummy  detonators.  One  exploder  had  boon  broken 
and  was  set  off  by  » secondary  impact.  The 
ether  exploder  was  intact.  (See  Inolesure  7, 
page  15), 

(b)  Piet  Jfo.  39i  The  rocket  assist  failed  to 
function  an  this  bomb)  hence,  penetration  is 
not  usable  in  average  for  Trial  XU.  Bomb 
struck  on  bowstring  truss  roof  slab  at  center  ef 
span.  Penetration  was  10* -9",  which  conforms  to 
the  overage  for  unassisted  rockets.  Bomb 
remained  latest  and  lodged  in  roof  (eoe 
Inoloeure  7,  pegs  16),  at  an  angle  ef  30  degrees 
to  the  vertical.  The  upper  chords  of  two  bow- 
string trusses  were  damaged  in  the  come  manner 
aa  in  the  oase  of  Haney  bomb.  Plot  No.  26, 
which  hit  under  similar  conditions.  Pistols 
did  not  function,  as  the  safety  pins  had  not 
been  removed.  Live  exploders  had  been  fitted  end 
these  were  intact.  Pistole  had  been  fitted 
with  live  primer  eeps  and  dummy  detonators. 

(c)  Plot  No.  59t  The  rocket  assist  failed  to  fanetien 

am  this  bomb)  hemes,  tbs  penetration  is  net 
usable  in  tbs  average  for  Trial  HI.  Bomb 
struck  am  reef  slab  hawing  £0  on.  steel  I-beam 
reinforcing.  Penetration  was  only  lamb 

was  mat  lodged  in  roof,  as  is  normally  the  case, 
but  was  resting  in  crater,  at  an  angle  of  41 
oegrees  to  the  vertical,  intaet  but  badly  bent. 

The  extent  ef  bcmlng  of  the  bomb  ease  wae  five 
inehee  at  the  middle  (see  Ineloeure  7,  page  17). 
Penetration  wae  not  usable  in  average  for  Trial 

X because  ef  the  deformation  of  the  bomb  ease. 

Live  exploders  were  fitted  tb  this  bomb.  Both 
exploders  had  blown,  leaving  a black  residue. 
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Both  pistole  and  detonators  were  missing.  One 
detonator  holder  vaa  In  position  but  was  bulged 
outwards  and  blackened.  Project  "Ruby"  Ordnance 
Officer  stated  that  lire  eaps  and  dummy  detonators 
had  been  fitted  to  the  pistols. 

(d)  Plot  Bo.  60 » The  roeket  assist  functioned 
properly.  Bomb  struck  on  bowstring  truss  roof 
slab  where  the  roe f thickness  is  l6*-7"  (oertain 
portions  of  the  roof  had  a slope  of  one  foot  in 
seventy  for  drainage,  waking  the  thickness  at 
the  center  greater  than  at  the  edges).  The  boab 
penetrated  15' -3"  remaining  lodged  in  the  root, 
intact,  at  an  angle  of  36  degrees  to  the  vertical. 
Ceiling  below  was  considerably  soabbed.  The 
lower  chords  of  two  bowstring  girders  were 
bulged  downward  approximately  18  inches.  (See 
Inclosure  7,  page  19).  One  pistol  was  found  near 
crater.  Detonator  was  broken  into  small  pieoes 
in  detonator  holder  which  had  separated  from 
pistol.  The  striker  of  this  pistol  was  examined 
by  a British  Ordnance  expert  who  Judged  that 

the  striker  had  moved  sufficiently  far  forward  to 
Ignite  the  live  cap,  part  of  which  was  found  and 
determined  to  have  been  fired.  The  head  of 
another  pistol  was  also  found  near  crater.  Both 
detonator  holders  were  bulged  from  underneath. 
Both  exploders  had  blown. 

(e)  Plot  Mo.  80s  The  roeket  assist  functioned 
properly.  Bomb  perforated  the  3-1/2  meter 
thiok  roof  of  the  West  Perisoopo  Tower  where 
roof  reinforcing  oonsists  of  100  cm.  steel  I- 
beams.  The  bomb  passed  between  two  I-beams  and 
struck  a steel  H-beam  on  the  building  floor. 

Bomb  case  broke  up  circumferentially  at  middle, 
and  nose  point  broke  off  at  an  internal  flaw 
similar  to  the  transverse  flaw  in  nose  of  Disney 
bomb,  Plot  No.  26.  However,  in  this  oase,  the 
curvature  of  the  break  was  opposite  to  that  of 
Plot  No.  26.  The  borehole  in  the  roof  was  so 
nearly  the  width  of  the  bomb  that  the  rocket 
motor  plate  remained  lodged  in  the  top  of  the 
hole.  Photographs  of  the  crater  and  ofthe  bomb 
are  shown  in  In  closure  7,  pages  20  and  21. 
imgle  of  perforation  was  23  degrees  to  the 
vertical.  Pistole  were  missing  fora  bomb.  One 
exploder  was  missing,  the  other  was  removed 
from  bomb  and  found  to  be  a wooden  dummy. 
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(f)  Plot  Ms.  81 ! Ths  rocket  aseiet  failed  to 
function  on  this  boob.  Kit  ooourrod  on  4-1/2 
motor  thick  roof  slab  having  60  an,  ctccl  I» 
bcco  reinforcing.  The  nocc  point  broke  off  of 
the  beab  and  rebounded  130  foot.  The  boab  pono» 
t rated  only  fire  foot,  and  ease  to  root  at  an 
angle  of  39  degreeo  to  the  vertical,  slightly 
bent.  Thie  hit  ie  not  uoablo  in  the  average 

for  Trial  X booauae  of  breakage  of  the  noae  which 
again  was  traced  to  an  internal  flaw,  Xneloeure 
7,  page  22  ahowa  a view  of  the  boab  rooting  in  the 
omtar  and  a view  of  the  neat  fragment.  Pistol* 
were  aiosing  from  this  boab.  Both  axplodera  had 
blown,  leaving  a black  gunny  residue.  Part  of 
the  aiming  wire  was  found  attached  to  the  rocket 
fuse  pot,  suggesting  that  the  boab  had  boon 
dropped  with  the  mm2  fuse  "safe".  This  oould 
not  be  verified  as  the  fuse  had  been  completely 
smashed. 

(g)  Plot  We.  Ski  This  is  the  only  racket  assisted 
Disney  boab  whieh  hit  on  the  seven  meter  roof 
thickness.  The  boab  penetrated  1 3*-2",  lodging 
iteelf  in  the  roof  at  an  angle  of  21  degreeo  to 
the  vertical.  The  boab  appeared  to  be  intaot. 
Views  of  the  orator  are  ehosm  in  Xneloeure  7, 
page  23.  A rooket  tube  in  the  orator  bearing 
markings  sharaotsristis  of  a properly  functioning 
rocket  motor,  1s  shown  in  Xneloeure  7,  page  24, 
This  boab  had  live  exploders  fitted.  One  exploder 
was  intaot,  the  other  had  burned  partially.  One 
piece  of  striker  of  a pistol  was  found.  One 
detonator  holder  was  missing,  the  other  was  in 
position  in  the  bomb. 

(h)  Piet  Bo.  Bit  The  rocket  assist  fsiled  to 
funotlon  on  this  drop.  The  airplane  brought 
bask  a broken  aiming  wire)  henoe,  this  boab 
probably  was  dropped  "safe”.  The  boab  struck 
on  the  five  aster  thick  roof  of  the  last 
Periscope  Tower  directly  over  the  tower  wall 
whare  the  thickness  of  eonerets  is  effectively 
infinite  (actually  13  asters).  Reinforcing  in  the 
reef  slab  consisted  of  steel  trusses,  (see 
Xneloeure  4,  pegs  4).  The  bosk  penetrated  17* »1", 
boring  a hole  into  the  eonerets  between  two 
trusses  (see  Xneloeure  7,  page  2$).  The  two 
trusses  between  the  borehole  and  the  edge  of  the 
tower  were  deflected  outward  approximately  3 
inches,  bulging  the  wall  slightly,  Bins#  this 
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boob  hit  cioM*i  to  the  edge  of  the  tower  roof, 
the  penetration  ia  not  oomparable  with  the 
average  for  Trial  X.  Tu«  rocket  tuba#  were  found 
in  a bundle  in  tha  orator  and  bora  no  signs  of 
haring  function**!  in  flight.  Tha  baa  a plate  of 
tha  boob  was  eight  feat  below  roof  lav el.  Proa 
the  angle  of  the  base  plata  in  the  bora  hole,  it 
was  judged  that  tha  angle  of  penetration  of  tha 
boab  was  23  dagreas  to  tha  rartleal.  One  exploder 
was  intact  in  bomb.  Tha  other  exploder  had 
blown.  One  pistol  with  arming  wire  still  in  piaee 
was  found  on  tha  aain  roof  below  tha  tower.  Tha 
striker  and  detonator  wara  missing.  Tha  lira  cap 
had  fired.  Detonator  holder  attached  to  the  pistol 
wee  bulged  from  underneath.  The  other  pistol  was 
in  piaee,  with  arming  wire  still  attached,  thus 
confirming  that  the  bomb  had  been  dropped  "safe". 
The  striker  had  not  operated.  Detonator  and  cap 
were  intact.  Both  the  sap  and  detonator  were 
live,  the  latter  consisting  cf  black  powder 
pellets  in  a abort  stem  tube.  Siine  a live 
detonator  warn  found  in  this  bomb,  through  error 
in  leading,  it  ia  paaoibla  that  lira  detonator* 
were  erroneously  used  in  other  bcatbe  of  this 
trial,  thus  possibly  explaining  why  a number  of  the 
exploders  blow.  Because  of  this  uncertainty  no 
conclusions  can  be  drawn  ocnoerning  tha  insensi- 
tivity of  the  axpladers  in  this  trial. 

(1)  Plot  Mo,  67 t This  Is  tbs  first  of  two  complete 
perforations  through  tho  4—1/2  meter  roof  by  a 
rocket  assisted  Disney  bomb.  Tbs  impact  occurred 
an  a roof  slab  havit^  bowstring  truss  reinforcing. 
Tha  bomb  emerged  between  tb*  lower  chords  of  two 
trusses,  perforated  the  three  foot  concrete  floor 
at  ground  level  and  buried  in  the  sand  beneath 
(See  Inclosure  7,  pages  26  and  27),  and  was  not 
recovered.  From  the  cleanout  appearance  of  the 
hole  in  the  floor,  tho  bomb  was  probably  intact. 
Anglo  of  perforation  in  reof  waa  17  degrees  to 
the  vertical. 

(j)  Plot  Wo.  ggj  This  Disney  bomb,  with  rook  at  assirt 
functioning,  struck  on  a roof  slab  having  short 
span  concrete  truce  reinforcing.  Thickness  of  slab 
at  point  of  impact  was  16* -9*.  The  bomb  penetrated 
13' -2“  and  lodged  in  tha  roof  intaat  at  an  angle 
of  31  dagreea  to  tha  vertical.  (Sea  In  do  sore  7, 
page  28).  Celling ' underneath  tha  crater  was 
slightly  ssabbsc  Both  live  exploders  wara  intaat. 
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Ob*  pistol  with  rtiwgr  d» ton* tor  and  11t*  eap 
had  functioned,  and  eap  had  fired.  The  other 
pistol  had  sheared  off  flush  with  eontaioer  sad 
sould  net  be  reaMred  fer  inspection. 


Plot  Mo.  89s  This  is  the  seeond  of  two  complete 
perforatieaa  through  the  4> 1/2  aster  roof  by 
roeket  assisted  Disney  boabs.  The  perforation 
eeearred  in  a reef  slab  having  60  oca,  steel  I* 
been  reinforcing.  The  bonb  perforated  the 
ceiling  between  two  I-beans,  struck  the  concrete 
fleer  at  groond  level t and  broke  off  at  the  stud 
holes  of  the  carrying  lug,  (See  Inclosure  7, 
page  29),  The  nos*  had  lodged  in  the  floor, 
pointing  90  degrees  to  the  heading.  Angle  of 
roof  perforation  was  21  degrees  to  the  vertical. 
There  was  very  little  scabbing  of  the  ceiling, 
the  break-through  being  contained  in  on*  direction 
by  "he  I-bean  reinforcing.  The  pistol*  of  this 
boab  were  aisciag.  The  live  exploders  were 
intact. 


There  are  only  three  cample*  ef  rooket  assisted 
Disney  bonb  hits  (Piet  Mos.  60,  84  and  88)  tushie 
for  e cape tat ion  of  average  vertioal  penetration. 
Kna  these,  the  average  penetration  is  13' -10" , 
with  e standard  deviation  of  14  Inches . The 
penetration  predicted  by  the  latest  fonaula 
(Inales ore  14,  pngs  2)  gives  l6'-8"  fsr  the 
roskst  assisted  Disney  bonb.  The  rocket  action, 
which  if  eonplete,  increases  the  striking  velocity 
by  26  per  cent,  has  increased  the  penetration  of 
the  Disoy  beeb  by  31  per  cent.  This  increase 
in  penetration,  though  below  expectations,  is 
sufficient  for  the  bonb  to  perforate  the  14'— 9" 
roof  (Plots  87  end  89),  In  no  case  was  the  bone 
able  to  perforate  the  14' -9"  roe f without  roeket 
assist,  although  sons  had  just  reached  the  scab 
Unit.  Iran  though  the  roeket  assisted  Disney 
bonb  is  able  to  perforate  the  4-1 /2  aster  roof,  it 
is  evident  free  Plots  80  and  89  that  the  bonb 
ease  is  not  strong  enough  to  withstari  a aide 
lnpact,  and  break-up  is  likely  to  oecur  if  the 
bonb  fall*  flat  on  secondary  impact,  as  it  does 
when  the  roof  substantially  reduo ea  the  boab's 
velocity.  This  aeans  that  the  fuse  delay  auot  be 
Jest  sufficient  to  allow  the  bonb  to  perf  jrate  the 
roof  and  yet  aust  bo  short  enough  so  that  the 
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•fiction  occurs  before  secondary  impact  earn  take 
plw,  Inamc  of  the  mull  caq plosive  ohorf#  of 
tho  Haney  boob  ( 500-lb)  # diuio  to  structure 
auoh  bo  Forgo  would  bo  alight,  oad  tiuogo  to 
contents  oad  aashinsry  would  bo  oonflnod  to  o 
—oil  area, 

(b)  Tho  orartgo  orator  dimensions,  depth  of  spalling 
and  anglo  of  root  or  perforation  for  Trial  XQ 
aro  obtaiaod  fraw  all  baaba  ia  which  tho  rookot 
aroiat  functioned,  cselusivo  of  tho  ano  boab  (Plot 
37)  vhioh  broko  up  ia  tho  roof.  Average  orator 
diaoaaiaaa  wort  U*-UB  loag  bp  12»-6"  aide,  dopth 
of  opalllng,  k'-lO",  and  average  aaglo  of  tho  boab 
or  borehole  «u  25  degrees,  Thooo  ovoragoo  aro 
not  oignlfioantl/  different  from  thooo  obtaiaod 
froa  tho  aon’-aoaieted  Haney  boabo  of  Trial  X. 
vies  Zaoloouro  I,  pageo  1 and  2), 

(o)  It  la  apparent  froa  theae  two  trialo  that  tho 

aoohanieo  of  penetration  of  tho  Haney  boabo  io  aa 
f all  ova  t lazing  tho  InitiaJ  phase  of  penetration 
tho  booh,  striking  at  an  angle  of  15  degrees,  opalle 
aero  eonerete  ahead  of  tho  none  than  holrtad  it, 
Xanee,  tho  restating  fores  io  not  csdal  but  ban  a 
forward  o paper  art  vhiefa  oaaaoa  tiie  boat  aooo  to 
lift,  Thio  oota  up  a turning  neaoat  vhioh 
rotates  tho  boab  away  froa  tho  naraal,  oaaaiag  it 
to  tzmee  a riooohot  aarvo  ia  oeaoroto,  luring 
thio  phase  tho  bank  io  subject  to  beading,  Aon 
tho  aooo  has  reached  a dopth  of  4 to  5 foot,  tho 
b«ab  has  rotated  about  10  dogrooo.  At  thin  point 
tho  boab  is  no  longer  able  to  spall  aero  oonsrete 
ahead  of  it,  but  bereo  a halo  at  an  angle  of 
25  to  30  degress  until  it  is  brought  to  root  ia 
the  eonerete,  or  aloe  perforates  tho  olabc 

(d)  Tho  reliability  of  tho  arming  t-*d  firing  ayotoa 
of  tho  Hatty  rockets  io  net  satisfactory.  Of 
tho  eight  boabo  (33  per  eoat)  of  Trial  XXX 
which  failed  to  funetiea  rookot  assist,  two 
oases  of  bsvfeaa  aiming  vires  wore  found  (not 
loo.  11  and  15),  Improvement  in  tho  earning  wire 
system  io  aeoeeeary  if  failures  of  thio  typo  are 
to  bo  eliminated.  One  sample  was  found  in  which 
the  rookot  action  woo  incomplete  (Plot  Ho.  37), 
and  one  bomb  afciah  aieeed  tho  target  was  observed 
to  fall  flat,  tAleh  may  have  boon  duo  to  in- 
stability of  boab  before  functioning  of  tho  rocket 
motor,  or  to  partial  functioning  of  the  rockets 

24 


* > 


t house  Ires  • Therefore,  inprevsnont  in  the 
firing  system  it  alto  desirable  if  this  tjrpo  • f 
bosk  is  to  be  oaplejred* 


from  tbt 


• Tbit  boab,  developed 
tad  standardised  in  1743  at  tbt  1C. 03, 


had  ati  bow  dropped  in  oeobat,  tad  bad  jret  to  bt 
taatod  against  aattirt  toaertto  nob  at  that 
prat  on  tod  by  tbt  Fargo  target.  It  thtrefere  vat 
dttirablt  to  drop  tbit  boab  uador  tha  tamo  ooaditioaa 
at  tbt  (bond  floa,  Tall  lejr  tad  Ditto?  boabt.  To 
obtain  a e sapor able  striking  velocity  (1,100  foot  por 
toooad)  it  oat  accessary  to  roloato  tbio  boab  froa 
2b, 250  foot  altitude.  Project  'tub?*  1-17  airoraft 
droppod  tbo  firtt  27  boriba  (oiagly  aad  in  traina  of 
tvo  oath  ) fra  tbit  altitudo,  bat  accuracy  vat 
oactroasly  poor.  flaly  oao  bit  roaaltod  froa  tbo  firtt 


nino  boabt  droppod  tiagljr*  Of  tbo  cooct  1C,  ono  bit  aad 
oao  aoar  aiaa  voro  aeorod  with  50  foot  traina.  la 


tbo  oaao  of  oao  train,  both  boabt  voro  obtorrod  to  bo 
aaatablo  in  flight,  oao  wobbling,  tbo  othor  landing 
flat.  Tboto  boabt  foil  on  oppoeito  tidot  of  tbo 
targot,  aad  vbaa  plotted,  voro  fooad  to  bo  TOO  foot 
opart.  (Coo  boabt  51  aad  52,  Ineloeure  4,  pago  2)* 

Tbit  largo  ditporaioa  any  bo  tbo  result  of  intaffioiont 
fin  stabilisation  at  tonio  volooitloa.  For  tbo  reaain- 


ing  nino  boabo  droppod  oa  this  trial  tbo  altitado 
vat  rodattd  to  20,000  foot  (striking  velocity  1030 
foot  por  ooond)  and  aeeuraey  vat  improved  consider* 
abljr.  Tbrot  bits  aad  oat  aoar  also  voro  obtained  froa 
this  altitado,  asking  a total  of  firs  hits  aad  tvo 
near  aiaaea  for  tbo  trial.  Tbo  aoar  misses  voro  both 


usable  for  sate  strength  purposes  at  tbt  boabt  hit  oa 
the  eoaeroto  footing  of  tbo  boll ding  vail.  A 
deotrlptlon  of  oath  hit  it  given  bolov.  Tbt  ronlts 
art  alto  tabulated  in  Xnelsaire  C,  pago  3.  Orator 
profiles  are  given  in  laoltnro  f. 


Plat  Is.  43 i Tbio  boab,  dropped  froa  24,250 
foot,  at  rusk  at  tbo  Junction  of  tap  .roof  slabs 
having  abort  span  oonoroto  trots  ¥tfnfbreing. 
loaf  tbitkattt  at  point  of  iapaet  vaa  14  foot. 
Tbo  boab  penetrated  2'-?*  and  rioothotod  200 
foot,  falling  to  tbo  ground  oa  the  Vest  tide  of 
tbo  bonding.  Tbo  boab  oat  fooad  flat  oa  the 


ground,  latest,  but  dontod  near  tbo  roar  lug 
(too  Inelec ure  7,  pago  30)*  Tbo  atvlawa  depth 
of  the  dent  oat  5 iatbot  at  a point  51  iatbts 
froa  tbt  nett.  Tbt  dontod  area  included  tbt 
roar  log.  The  boab  vat  slight  1?  bulged  TO 
degrees  eirounferontially  froa  the  deat  but  as 


•make  had  fomod.  Tb#  iraUr  profilo 
(Inolooo ro  9#  pas*  11),  fivo*  a «Im  aa  to  hun 
tho  dont  wo*  aad*,  Am  tho  bomb  poaotratad  iato 
tb*  ooncroto,  it*  *n*l*  to  th*  vortical  ineroa o*4 
«*Ui_L  tho  roar  aoetioc  of  too  boat  atraok  «o  th* 
oook  odg*  of  tho  aytar,  ptadaoias  tho  dont  *a  th* 
bottom  and  tho  balsas  on  th*  aid*#.  Tho  *loap» 
atod  orator  baa  a oharaotorictio  anvil  ohapo  am 
tho  book  alo^o  oh*  * tho  hla»r  apalla  tony 
additional  oonorato.  Tho  livo  adaptor  boootor 
(JCL15A1)  vaa  intact.  Paso  oaa  aot  fittod  to  tho 
boab. 

(b)  flat  Ih  551  Tbi*  bach,  dropped  from  26,290 
foot,  atraok  oa  tho  4»l/2  cotor  roof  0 foot  ia 
front  of  tho  T*rU«al  faoo  of  tho  lo*t  poriaoopa 
toner.  Tho  honb  poaatratod  a'-lO"  and  broko  «p, 
with  mono  taction  ooal  ng  to  roat  orooaaia*  ia 
tho  orator.  A rasfod  airsaeforootial  broak  had 
oooarrod  eboat  throawfaartara  af  tho  diatanaa 
baak  faoc  tba  aoao  (oaa  Iaoloaoro  7,  pas*o  31  aad 
32),  ronaltia*  from  tho  blon  against  tho  baak 
clop#  of  tho  orator*  Tho  anvil  ia  cor*  prw* 
noimoad  than  ia  tho  provioaa  booh  kit.  (ioo  Zip* 
olooora  9,  pa**  12).  Tho  booh  ahowod  tho  acao 
«i*ao  of  dentins  and  balgic*  oo  prwoioaaljr  noted. 
Ia  addition,  a laa*  crook  manias  forward  ft on 
tha  *1  roanf arantial  brook  to  a fan  Ieohs*  haroed 
tho  front  las  and  tawdnatlas  i*  a hairline,  had 
aaoarrod  an  ana  of  tho  balfod  oidoo.  Tha  baa*  of 
tho  hnab  oaa  found  boaVd*  tba  orator.  Tho  adaptor 
boootor  had  oopiratod  from  tho  hooo  plat#  aad  no* 
not  recovered. . Totryl  ponder  no*  .Mattered  mm 
tho  laalde  rnrfaao  of  th*  has*  of  tho  boob.  It 
in  pooaibl*  that  fchL*  bach  may  hero  ricocheted  and 
■rahaandod  tea  tha  noil,  hat  no  ohnlon*  nark* 
nor*  fovnd  oa  tho  nail  to  aahot  oatiato  thia 
hypothoaio. 

(«)  Mot  Ja.  Z2t  This  honb,  dbnppod  Xran  20,000 
fact,  atraok  on  a chart  open  not  aUh  at  a 
paint  bhtro  th*  aanemt*  thUhMM  ia  l#fa»t. 
th*  h«hb  penetrated  3*^10%  htmead  and  taU  flat 
4a  tha  aratar  «Lth  tha  nan*  pajetias  eppaait* 
to  tha  hoodie*.  .(*#«  loolooaro  ..7,  peso  13). 

Tfc*  crater  ana  open  on  ooa  eid*  oa  it  .««* 
lapped  on  old  Tali  toj  orator.  The  boneoa* 
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intact  without  bulgoo,  don  to  or  o rooks . Fla 
tall  eon*  wee  etlll  in  place.  The  live  adapter 
booster  was  intact* 

(d)  Plot  Mo.  73 t This  boab  dropped  from  20,000  feet, 
struek  on  tbs  4-1/2  meter  roof  en  a slab  having 
60  on.  steel  I-boan  reinforcing.  Impact  occurred 
eleso  to  the  junetion  of  four  roof  slabs.  The 

e rater,  3*-6tt  deep,  overlapped  that  of  a bomb 
previously  dropped.  The  bomb  ricocheted  40  feet 
after  impact.  The  bomb  was  intact  but  dented 
near  the  rear  lag  and  bulged  at  the  sides  in  a 
manner  similar  to  Plot  He.  43*  The  dent  was 
5 inches  from  the  noae.  The  base  of  the  boab 
had  been  defamed,  being  elliptical  instead  of 
circular,  mad  sealing  eenpeund  had  been  eqaeesed 
eat  around  the  base  plate.  The  live  adapter 
booster  was  intact.  Views  of  the  boab  and  crater 
are  shown  in  Inal es are  7,  page  34. 

(e)  Plot  Mo.  2jl  *bi«  bomb,  dropped  from  20,000  feet, 
struek  on  the  4-1/2  meter  roof  on  a slab  having 
60  em.  steel  I-beam  reinforcing.  The  bomb  made 

a very  small  orator,  8'«6"  in  dljueeter  and  2‘-6" 
deep,  with  a email  anvil  on  tho  book  olopo.  (Soo 
Inelosuro  7*  page  39)*  The  bomb  broke  ap  and 
ricocheted  in  several  largo  pioeoo.  Tho  nose 
section  ricocheted  300  feet  to  tho  Vest  edge  of 
tho  building.  Tho  base  of  tho  boab  ricocheted  83 
feet.  The  adapter  boeeter  had  blown  on  secondary 
impact.  The  oap  waa  recovered  and  found  to  bo 
e reeked,  with  o her coal  residue  adhering.  Tellew 
tetryl  powder  was  found  on  the  inner  aarfeeee  of 
the  base  of  the  bomb.  Tien  of  the  noe*  and  bes* 
sections  are  given  in  Inelosore  7,  pas#  36.  The 
boab  body  had  the  eharaetoristie  dent  near  the 
rear  lug  and  a era  ok  running  forward  frost  the 
bulged  portion  to  the  vicinity  of  the  front  lug. 

(f)  Plot  io.  6lt  This  boab,  dropped  from  26,250 
feet,  struek  on  the  eeeerete  footing  4 feet  out 
from  the  lerth  wall  of  the  target.  The  bomb  earn# 
to  rest  in  the  erster  with  its  nose  pointing 
opposite  to  the  heading.  The  angle  of  rest  of 
the  bomb  was  45  degrees  to  the  vertioal.  The 
footing'  extends  out  from  tho  wall  2.5  motors  and 
is  the  foundation  on  ^lish  tho  oooond  wall 
thiekouing  was  to  have  been  poured.  The  bomb 
was  ora  eked  at  the  rear  Moulder  as  oh  wn  in 
Ineloeure  7,  peg*  37,  and  was  dontod  near  tbs 
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rear  lug*  The  lira  adapter  booster  was  intact* 
Cratar  profile  waa  not  measured*  Crater  waa 
approximately  7*  long,  8'  wide  and  4*  deep* 

(f)  Plot  Mo*  71 i This  bomb,  dropped  fro*  20,000 

feet,  etruok  at  ground  level  at  the  interaeotion 
of  the  North  wall  and  the  concrete  foe ting.  The 
bomb  bounced  back  about  70  feet  and  waa  found 
lying  flat  on  the  ground*  The  bomb  waa  intact 
but  bulged  at  the  frant  a boulder,  IB"  to  24" 
back  of  the  noee*  This  boob  was  calipered  and  the 
inoroaae  in  dianeter  at  the  shoulder  was  found 
to  be  7/8  inches.  The  crater,  partly  on  the 
vuilding  wall  and  partly  on  the  footing,  was  net 
profiled.  Crater  depth  was  approximately  three 
feet*  The  live  adapter  booster  was  intact. 

(8)  hti—avr.  Trial  VI  t There  is  no  apparent  difference  in 
the  behavior  and  penetration  of  the  2000-lb.  SAP  bombs 
when  striking  concrete  from  26,250  feet  and  20,000 
feet*  In  both  cases  the  bonks  tend  to  ricochet  out  ef 
the  crater*  In  doing  sc,  the  back  of  the  bomb  strikes 
against  the  back  edge  ef  the  crater  producing  a dent 
approximately  15  inches  forward  from  the  base.  The 
bomb  is  bulged  90  degrees  oi  ro deferentially  from  the 
dent  and  in  one  instance  at  each  altitude  the  bomb 
gave  way  at  the  bulge,  cracking  longitudinally  and 

at  the  sane  time  breaking  tap  circumferentially  in  the 
vicinity  of  the  dent.  Also  in  one  instance  at  each 
altitude,  the  bombs  dented  but  did  not  brea1*  up. 
Penetration  was  slight,  being  S’-IO"  for  the  one  bomb 
which  did  not  richeehet,  while  2'«6N  was  the  ml  ml  mam 
penetration  for  a bomb  which  broke  up  and  ricocheted 
the  greatest  distance.  The  average  penetration  for 
all  five  roe f hits  was  with  a standard 

deviation  of  7 inches.  Tha  penetration  predieted  by 
formula  (Xnelosure  14,  page  2),  is  4'<>3*  for  drops 
from  26,250  feet  and  3'-5"  for  drop*  from  20,000 
foot*  Average  orator  dimension*  were  11' -5"  by  9* -5", 
with  a characteristic  anvil*  The  adaptor  boaster 
withstood  the  shook  of  1 spent  in  all  bombs  which  did 
not  break  up.  Wien  the  bomb  breaks  up,  the  booster 
may  go  of f lew  order. 

(9)  Trial  XI  (13 .000-lb*  fabricated  Tall  | ail  trm  2Q.0Q0 
feet  t The  Ameritaa  febrleated  Tall  Bey(TlO)  bomb  has 
the  emas  dimensions,  weight  end  wall  thickness  as  the 
British  oast  Tall  Bey  mid  differs  only  in  the  method 
of  mamafaeturo.  The  American  fabricated  bamb  eemaiata 
ef  five  eeetiens  welded  together*  The  solid  mete  and 
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tha  base  are  nade  of  forbad  steal,  whila  tha  thraa 
aantar  aaetiona  are  fabrioatad  from  roilad  plate, 
longitudinally  walded.  Tha  Britiah  boab  ia  aada  of 
oaat  ataal  with  a aolid  noaa  plug*  In  Trial  VII,  it 
vaa  found  that  tha  oaat  Tall  Boya  broka  up  ooapletaly 
whan  drop pad  froa  20,000  faat.  It  tharafora  vaa 
daairabla  to  coaparc  the  fabrioatad  Tall  Boy  at  tha 
aaac  altituda.  Britiah  Laneaatar  airoraft  droppad 
four  fabrioatad  Tall  Boya  froa  20,000  faat,  but  un- 
fortunataly  all  boaba  aiaaad  tha  target.  Tha 
raaaicing  boab  of  five  allottad  for  thia  trial  vaa 
than  brought  to  tha  targat  by  a Project  "Baby"  B-29 
airplana,  but  baeauaa  of  iapropar  paaitianing  of  tha 
1-4  ralaaaa  (poaitioning  had  baan  mada  for  tha  Orand 
Sian  instead  af  tha  Tall  Boy)  thia  boab  oould  not  ba 
relaaaad  autoaatioally  and  vaa  annually  aalroad  into 
tha  North  Saa.  No  furthar  dropa  vara  aada  on  thia 
trial*  Inforaatian  gain  ad  froa  aubaaquant  triala 
ohevad  that  thia  boab  alao  would  hart  brokan  up  froa 
20,000  faat* 

(10)  Trill  a flu  ftM  3Q.Q2P 

faat)  1 Tha  fabrioatad  Orand  Slaa  (T14)  ia  an  anlargad 
Taraion  of  tha  fabrioatad  Tall  Boy  (T10)  and  haa  tha 
aaaa  dlaansiona  aa  tha  Britiah  oaat  Orand  Slaa. 

Projact  "Buby"  B-29  airoraft  droppad  nina  fabrioatad 
Orand  Slaa  baaba  froa  20,000  faat  (atrlking  valooity 
1150  ft.  par  aaoand)  and  000  rad  thraa  hit  a.  All 
thraa  boaba  broka  up  aa  daaoribad  baloar.  Cratar 
profllao  of  tvo  of  tha  hita  ara  giran  in  Ineloaura  9j 
data  for  tha  third  ara  not  available. 

(•)  M-ot  Mo*  It  Thia  boab  vaa  not  oonaidarad  to  ba 
a fair  hit  aa  it  atruak  at  tha  baaa  of  An 
iaolatad  alab  oaat  on  top  of  tha  4-1/2  aatar  roof 
ta  fa m tha  aaoond  roof  thiaknaaa.  Thia  alab  vaa 
8* -6"  high,  l6'-f"  vida  and  about  100  faat  lang, 
with  ita  laigth  running  Baat-Waat.  Tha  di raotion 
of  flight  af  tha  boab  vaa  tovard  tha  Morthvaat. 
Soaa  of  tha  an  orgy  af  lapact  vaa  tranaaittad  to 
tha  vertical  faoa  of  tha  uppar  roof  alab,  araak- 
ing  out  larga  piaaaa  froa  tha  baak  faaa  and  top 
aurfaaa.  Altogathar  aavaral  huadrad  tona  of 
oonarata  froa  tho  uppar  roof  alab  vara  diaplaoad. 
(Saa  Inoloaura  7,  paga  39)*  Tha  aain  roof  at 
tha  point  of  iapact  contained  hawtring  tpioo 
X reinforcing*  Beneath  tha  pelat  of  iapaot  vaa  a 
supporting  vail  which  vaa  scabbed  for  a distanoa 
of  fifteen  faat.  Tha  boab  penetrated  7 fact  and 
(Jjrokaup)  with  noaa  aaotlon  rcaalning  in  erater. 
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Th*  ogive  had  a number  cf  eggahell  cracks,  one 
of  which  extended  to  within  a few  inches  of  the 
solid  point  of  the  note.  (See  Indoeare  7,  page 
4 0).  The  nose  seetion  broke  off  irregularly, ■ 
three  to  five  feet  froa  nose.  There  was  no 
sign  of  failure  of  the  front  weld  24  inches  bask 
fro*  the  nose*  Howevor,  there  were  signs  that 
the  rear  weld  had  failed.  The  base  ring  had 
separated  fro*  the  bomb  body  circumferentially 
along  the  rear  weld.  This  is  a stainless 
austenitic  weld,  net  heat  treated  for  a tree a 
relief.  The  exploder*  had  broken  off  at  the 
base  plate  bet  had  net  blMn.  bough  places 
were  found  an  the  roof  to  account  far  all  three 
exploders.  The  auxiliary  exploders  had 
scattered  over  the  roof  but  had  not  detonated. 

The  tail  piatols  (He.  474  UK  IX),  with  40  minute 
delay  elements,  had  functioned  proparly. 

(b)  Plot  Wo,  3Ct  This  bonis  struck  on  tbs  roof  close 

to  the  Vest  sdgs  of  th*  building,  over  the  support- 
ing wall.  The  boab  struck  on  s roof  slsb  having 
short  span  osaorete  truss  reinfcrciag,  Pcsw rr;\ 
tration  was  7* -4*.  The  bomb  broke  ap,  with  the 
noes  section  regaining  in  the  eratmr.  Th*  base 
of  the  bento  and  meat  of  tiurttotob  V/dy  full  even..-, 
the  side  of  the  building  end  were  net  ^recovered. 

The  nose,  sect  ion  was  broken  off  eiadlarly  to  that 
ef  'the  'previews  hit,  but  there  were  no  cracka 
running  ole  So  to  the  solid  nose,  and  theses 
filler  had  renained  in  tbs  ease  cavity.  •The'' 
impact  cf  the  -bomb  bed  cracked  end  displaced  .. 
a portion  of  the  roof  slab  at  ths  edge  eo  that 
it  bulged  out  ever  the  wall  ef  tu*  building, 
the  exploders  end  pistols  were  net  reedvered. 

Seme  of  the  HEX  pellet*  freai  the  auxiliary  c 
r ^exploders  were  found  on 'the  ground  bAcw.-  > 

j **'  ' K ■ ~ • . «,  *■  .i  . ^ 

(c)  'Piet  1»d.  31 1 "“This  besab ■ ctruek.ea  abowstrlng 
"tWeS'  rccf  slot  alee*  ts  t he  Souths edga  tof  the 

1 'building  where  a recess  hadbami  left  ia  th*  wall 
: for  aeastrUstien  of  dhreatilntidn  dhnft.  v>(8se 
1 Inclbehre *7 , page  45).  The  ereten-wsaosnrroundod 
‘en^throe^  Sides  by  vertieal  faede^ofc  teer<niabe 
fbtmlhg' - the * eeoewd  reef  layer . v>  POnotratioa  was 
. gtuga j fhe^shtire  44^2  ester  depth,  of  vibe  slab 
"'Uni  broken- sat  at  the  edge t- tanklnatingqahi the 
* Ventilator  sMft.  * <8ee  Imdesure-  7^  'page  45 ) . 

* 1:'H  'Tbt  bento1  brake-  np,:sdth~in»ee  aettjoh Twsoi  nl ng 

'*;i’  in  orator. ; ; The  nee*: broke  up*  in  « issuer: 

i'**"' St."'  i!  ■ .•  : c : "'j  ■j>'  *,  ---» < * 
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similar  to  the  two  previous  hit*.  In  this 
instance,  howsvsr,  tbs  irregular  break  goes  up  to 
the  solid  nose  (See  Inclosure  7,  page  44)*  The 
base  of  the  bomb  had  fallen  to  the  ground,  and 
was  found  with  base  ring  cracked  and  with 
unmistakable  evidence  that  the  base  ring  had 
separated  from  tbs  bomb  body  at  the  rear  stainless 
steel  weld.  Okie  body  fragment  which  fitted  onto 
the  base  ring  was  found  with  a piece  of  the 
welding  material  stripped  back  and  adhering  at  one 
end  of  the  fragment.  (See  Inclosure  7,  page  46). 
The  pistols  were  examined  and  found  to  have 
functioned  and  percussion  caps  had  fired.  The 
exploders  had  been  broken  off  at  the  b ass  plate. 

The  center  exploder  had  not  blown,  one  other  had 
blown  and  the  third  may  hare  blown.  Two  fragments 
of  exploder  containers  were  found,  blued,  with 
shear  tears  but  no  sign  of  gas  wash;  hence,  the 
ignition  was  probably  a lew  order  detonation 
caused  by  secondary  impact. 

(11)  Trial  gl  (12.00Q»lb.  cast  Tall  Bora  from  10.000  fsst)i 
Lancaster  aircraft  dropped  three  east  Tall  Boys  from 
10,000  fact  (striking  vslooity  850  fset  par  second), 
scoring  two  hits.  Both  bombs  broke  up,  as  described 
below.  Crater  profiles  are  given  in  Inclosure  9. 

(e)  Plot  No,  90 1 This  bomb  struck  on  a 4-1/2  meter 
roof  slab  having  bowstring  truss  reinforcing, 
penetrating  3,^n.  It  broke  up  into  larger 
places  than  whan  dropped  from  20,000  feat.  On# 
side  wall  fragment  was  five  feet  leng.  The  nose 
ricocheted  225  feet  and  the  base  fell  beside  the 
orater.  The  nose  seotion  had  been  cracked  off 
on  erne  side  so  that  the  threads  of  the  ness  plug 
were  exposed  for  their  full  length  (See  Inclosure 
7,  page  47).  Two  large  fragments  of  the  tapered 
portion  of  '.he  bomb  body  were  still  attached  to 
the  base  plate  but  were  bulged  outward,  (See 
Inclosure  7,  page  48).  The  exploders  hed  broken 
off  but  had  not  detonated.  The  auxiliary  as» 
pleder  pell  at s wars  found  scattered  on  the  roof. 
Pistols  were  not  fitted  to  this  bomb.  The  crater 
profile  exhibit  a oharaetsrletie  anvil  shape, 
indieating  that  the  bomb  body  struck  the  back  edge 
of  the  crater  upon  ricocheting. 

(b)  Plot  Bo.  92t  This  bomb  struck  on  the  4-1/2  meter 
roof  oa  a slab  having  60  cm.  I-beam  reinforcing. 
The  penetration  wee  4 feet.  The  boeb  broke  up 


into  largo  pieces,  two  aid*  wall  piaoaa  baing 
4 to  5 fact  long.  Tha  naaa  rloochatad  45  fact 
and  ths  baa a fall  at  tha  sratcr's  adga.  Tha 
noaa  waa  o racked  up  to  tha  noaa  plug  as  in  tha 
previous  hit,  but  tha  noaa  plug  threads  ware  net 
exposed.  (Sea  Inc Insure  7#  page  49) • Tha 
fragments  attached  to  tha  base  plate  ware  larger 
than  the  previous  hit  and  had  bean  bulged  outward 
te  a greater  extent.  The  ao^loders  had  bean 
broken  but  had  not  blown.  BDX  pellets  from,  the 
auxiliary  exploders  were  scattered  aver  the  roof* 
Pistols  were  not  fitted  to  this  bomb.  Crater 
profile  exhibits  characteristic  anvil  shape, 
indicating  that  the  booh  body  struck  against  the 
book  edge  of  orator  upon  rieoeheting. 

(12)  Trial  XHa  (12>000-lb.  oat  Tail  fen  frost  3. OOP  feet) t 
Lancaster  aircraft  dropped  two  east  Tall  Boys  from 
5 #000  feet  (striking  velocity  600  feet  per  seoend), 
scoring  two  hits,  with  results  as  shown  below*  Crater 
profiles  are  given  in  Inolosure  9* 

(a)  Plot  Me.  93 1 This  bo&b  struck  on  a pile  of  sand 
bags  on  top  of  a 4-1/2  aster  roof  slab  having  bow- 
string truss  rdnforelag.  The  boab  penetrated 
3'-4"v  breaking  up  with  noce  section  remaining  in 
orator  and  boss  eeotion  rebounding  300  feet.  A 
fragment  fron  the  note  section,  measuring  5 feet 
long#  wee  found  near  the  orator.  One  bogy  frag- 
ment ettaohed  to  the  base  plate  measured  3 feet 

in  length  (eee  Inolosure  7#  page  52)*  Two  explod- 
ers were  intaet  in  the  base  plate,  the  third 
exploder  had  been  brokmo  off  but  had  net  blown. 

The  pistol  (with  delay  elenant)  fitted  to  the 
exploder  tube  which  broke,  had  functioned  prior 
to  examination , The  other  two  pistole  functioned 
after  approximately  60  minutes  delay. 

(b)  Piet  We.  94»  This  bomb  struck  on  the  4^1/2  meter 
roof  at  the  junction  of  two  roof  slabs,  one 
having  short  span  ocnorete  truss  reinforcing,  the 
ether  eonerete  bowstring  truss  reinforcing.  The 
bomb  broke  up  on  lmpaet  and  the  nose  and  base 
sections  ricocheted  off  the  reef  te  the  lest  of 
the  building  and  were  not  recovered.  Several 
large  fragments  from  the  bomb  body  were  found 

on  the  roof  near  the  orator*  (Sew  Inolosure  7, 
page  53)*  The  bomb  penetrated  2»-7“.  Crater 
profile  shews  the  eharaoterletie  anvil  shape  on 
the  back  elope,  indieating  that  the  bomb  body 
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had  struck  on  the  crater  edge  on  ricocheting. 
Several  of  the  recovered  fragments  showed  that 
the  bomb  had  been  dented  near  the  base. 

(13)  Trial  XXIb  Cl2.OCO.lb.  fabricated  Tall  Boy  from  5000 
feet) i Having  found  that  the  cast  Tall  Boys  broke  up 
when  dropped  from  as  low  as  5000  feet,  it  was  desir- 
able to  drop  the  fabricated  Tall  Boys  from  the  same 
altitude  to  find  out  whether  they  too  would  break  up. 
The  purpose  of  the  various  subdivisions  of  Trial  XXI 
was  to  find  out  from  what  altitude  the  fabrioated 
Grand  Slams  and  Tall  Boys  could  be  dropped  and  not 
break  up.  Since  nine  of  the  twelve  available 
fabrioated  Grand  Slams  had  already  been  expended 
in  Trial  XX  from  20,000  feet,  and  five  of  the  ten 
available  fabricated  Tall  Boys  had  been  expended  in 
Trial  XI  from  20,000  feet,  the  cast  Tall  Boys  had 
been  used  in  Trials  XU  and  Xlla  in  an  attempt  to 
find  the  critical  release  altitude.  It  was  inadvis- 
able to  release  much  bleow  5000  feet  as  the  striking 
angle  would  reach  the  value  at  which  ricochet  would 
be  certain  to  occur.  Three  of  the  five  remaining 
fabrioated  Tall  Boys  were  therefore  dropped  from 
5000  feet  h jr  Lancaster  aircraft  flying  at  a true 
airspeed  of  175  miles  per  hour,  scoring  two  hits,  th- 
first  breaking  up,  the  seoond  rasudning  intact.  A 
description  of  the  hits  is  given  below.  Crater 
profiles  are  given  in  Inclosure  9. 


(s) 


Plot  Ho.  102 t This  bomb  struck  on  a 4-1/2  meter 
roof  slab  having  concrete  bowstring  truss  rein- 
fo re  irg.  The  bomb  penetrated  3*-lN  and  broke  up. 
The  nose  section  ricocheted  off  the  roof  to  the 
North  eide  of  the  building  and  was  not  recovered. 
One  observer  who  saw  the  nose  section  ricochet. 
Judged  it  to  be  about  two  calib'  rs  long.  Sections 
from  the  base  of  the  bomb  were  found  on  the  roof. 
The  base  ring  had  separated  from  the  bomb  body 
at  the  rear  weld  despite  the  feet  that  additional 
beads  of  welding  msterial  had  been  added  ext* 
temally  ovtr  the  original  rear  weld  to  furnish 
additional  strength.  Inclosure  7,  page  54#  shows 
views  of  the  break  at  ths  rear  weld.  Recovered 
fragments  from  ths  bomb  body  indicated  that  the 
bomb  had  been  dented  near  tho  base  * The  erater 
profile  exhibited  a slight  anvil  ahape  on  the 
back  slspe.  This  bos^b  was  not  fitted  with  ex- 
ploders  or  pistols. 


(b)  Plot  Mo.  104 t This  bomb  struck  on  the  7 meter 
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roof.  The  bomb  penetrated  3' -9" , ricochet ad  out 
of  tho  orator  and  case  to  roat  130  foot  beyond, 

In  tho  orator  of  a Disney  boob  preriouely 
dropped  (Plot  No.  37 ),  The  boob  was  intact  bet 
dented  on  the  side  wall  where  tho  rear  taper 
begins.  The  maximum  depth  of  this  dent  was 
three  inehee.  The  bomb  was  not  fitted  with 
exploders  or  pistols.  The  orator  was  open  on  one 
side  as  the  boob  struck  close  to  the  edge  where 
the  7 meter  roof  terminates,  and  the  4-1/2 
meter  roof  continues.  This  bomb  had  bean 
strengthsnsd  by  welding  extra  beads  on  the  inside 
of  the  bomb  over  the  rear  weld.  The  reason  for 
tho  external  reinforcing  on  the  bomb  of  Plot  Ho* 
102  was  that  the  bomb  had  already  been  leaded 
with  wax  filler  at  tha  time  the  deoision  warn 
made  to  strengthen  tha  bomb.  One  other  bomb 
had  bean  externally  reinforced  but  it  miased  the 
target. 

(14)  Trial  Hie  (22.0Q0-lb.  fabricated  grand  Slam  from 

4.750  feet) > Two  ef  the  three  remaining  fabricated 
Grand  Slams  were  dropped  by  Lancaster  aircraft  from 

4.750  feet  (striking  Telocity  600  feet  per  second)  at 
a true  air  speed  of  200  miles  per  hoar,  scoring  two 
hits,  one  bomb  breaking  up,  the  other  remaining  intact 
as  described  below.  Crater  profiles  are  given  in 
Inolesurc  9. 

(a)  Plot  No.  96 1 This  bomb  struck  on  the  W/2 

meter  roof  slab  having  bowstring  trass  reinform- 
ing. The  bomb  penetrated  approximately  5* -2"  and 
oame  to  rest  in  ths  cratsr  intact,  at  an  angle 
ef  20  degrees  to  ths  herd  mental.  The  bomb  had 
slid  back  about  1-1/2  feet  frea  its  most  forward 
position,  leaving  an  Impression  ef  the  nose  in 
the  forward  slope  of  the  crater  (see  Xnelosure 
7,  page  53).  The  base  of  the  bomb  was  resting 
on  the  bask  slope  of  the  crater.  A dent  in  the 
bomb  body  had  occurred  three  to  four  feet  from 
the  base,  one  inoh  deep.  This  dent  was  upper** 
moat  on  the  bomb,  indicating  that  it  had  made 
one-half  of  a revelation  before  coming  to  rest 
after  the  bomb  body  struck  on  the  crater  edge. 

The  base  plate  was  r amoved  from  tha  bomb  and  the 
filler  removed  from  the  inside  in  the  vicinity 
of  the  dented  area.  No  signs  of  an  internal 
erack  were  found.  Ieoh  of  the  three  exploder 
tubes  showed  a fine  eraek  at  the  weld,  bat  the 
exploders  had  not  blown.  The  auxiliary  exploders 
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had  oracled  up  at  tha  baca  and  but  had  not  blown. 
Pistols  had  not  baan  flttad  to  this  bonb. 

(b)  Plot  Wo.  97 1 This  bosh  struek  an  a 4- 1/2  meter 
roof  slab  having  bowstring  truss  rainforcing. 

Tha  bomb  panatratad  4 feet,  broka  up  and  ricochet- 
ed out  of  tha  crater.  Tha  nosa  section,  ■ assur- 
ing sera  than  ono-half  tha  total  length  of  tha 
bomb,  fall  to  tha  ground  Vast  of  tha  building. 

A fine  sraok  in  tha  easing  was  noted  on  tha  in- 
side surface  running  forward  toward  tha  nosa. 

This  craek  did  not  extend  through  the  natal  to 
tha  outer  surfaea*  Tha  base  of  tha  bonb  renal n- 
ad  on  tha  roef  near  tr.a  eratar.  Tha  sane  character- 
istia  break  at  tha  rear  weld  had  occurred  (sea 
In cl oa are  7,  page  60)  as  in  tha  other  fabricat- 
ed Grand  Sian  and  Tall  Boy  drops.  Largo  frag- 
nanta  fron  tha  bonb  body  ware  scattered  on  the 
roof  ahoad  of  tho  eratar.  Soae  af  these  abased 
that  denting  of  the  ease  had  occur  rod.  On# 

One  exploder  tuba  was  intaet  in  tha  baaa  plate, 
and  one  was  cracked  and  one  was  broken.  Bane 
had  blown.  Tha  auxiliary  exploders  ware  se attar- 
ad  on  tha  roof,  unburned. 

Trial  gla  (Fabricated  Grand  aim  fron  10,000  foot)> 

Sinoo  tha  oast  Tall  Boys  had  baan  dropped  fron  10,000 
faat  as  wall  as  fron  5000  fast,  it  was  desirable  to 
soup  let  a tha  Tall  Boy  oonpariaon  by  dropping  tha  last 
renainlng  fabricated  Grand  Sian  bonb  fron  10,000  faat. 
This  was  asosnplishsd  by  s Lancaster  airplane,  and  a 
hit  was  scared  on  tha  vl/2  neter  roof  oa  the  slab  y 

containing  ths  craters  af  Plot  fcoa.  10  and  72.  This 
banb  (Plot  Ho.  113)  broka  up  oanpletely.  The  nose 
section  was  not  found.  Ths  bass  wss  found  about  25 
fast  fron  ths  crater.  Again  ths  bass  ring  had  separat- 
ed fron  tha  benb  body  at  tha  rear  circumferential 
weld.  (Baa  Inclosure  7,  page  61).  Two  exploders  had 
broken  off  flush  with  ths  bass  plats  and  one  had 
broken  off  at  tha  veld,  Thera  ware  no  signs  of 
ignition  of  tha  exploders.  Pistols  ware  not  fitted 
to  this  benb.  Ths  eratar  of  this  bonb  is  not  woll 
defined  as  it  overlaps  the  s ret a re  af  several  other 
bomba,  Penetratien  was  measured  to  be  5*-2".  The 
book  slope  of  tha  orstar,  which  was  wall  defined, 
exhibited  tha  characteristic  anvil  chaps  previously 
noted  for  ricocheting  bonis,  frogman  to  indicated 
that  savors  denting  of  tha  case  had  occurred. 

Trial  Bgd  (fabricated  Till  Boy  from  10.000  fset)i 
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(a)  The  last  two  ram  slnlng  fabricated  Tall  Boys  were 
also  drop  pad  by  Lancaster  aircraft  from  10,000 
faat  to  complete  tha  comparison  at  this  altitude. 
Ona  hit  was  scored  (Plot  Mo.  114),  tha  hit  ooounv 
in*  on  tha  roof  <ilab  on  which  tha  fabrloatad 
Grand  Slam,  Plot  Me.  113,  struek.  Tha  bomb  pane- 
tratad  5* -G"  remaining  in  the  crater  intact,  at 
an  angle  of  sight  degrees  to  tha  ho ri cental. 

About  2-1/2  faat  of  tha  nosa  was  buried  undar  a 
ladga  raised  by  tbs  bomb , Tha  bomb  was  not 
visibly  deformed  or  cracked.  Pistols  and  ex- 
ploders ware  not  fitted  to  tha  bomb.  This  bomb 
had  baan  strengthened  by  a stainless  amstanitic 
wald  added  to  tha  inner  surface  of  tha  bemb  over 
tha  original  rear  wald. 

Summary  of  Grand  Slam  and  Tall  Boy  hitst 

(a)  Following  ia  a tabulation  of  tha  arsrago  pene- 
trations obtained  from  all  tha  Tall  Boys  and 
Grand  Slams  dropped  on  thoso  trials t 


Altitude  Trial  Bosfe  No.  of  Bombs  Avg.  Bsnerfcs 


Droonod  Hits 

Panotr, 

20,000 

m Cast  “tail  Boy 

5 

4 

5 •-7" 

All  bomba  broke 

XI  Fab.  Tall  Boy 

5 

0 

- 

Biased  target 

IX  Fab.  Grand  81asi 

9 

3 

7 »-8“ 

All  bombs  broke 
op  in  ereter 

10,000 

XU  Cast  Tali  Boy 

3 

2 

3^"  ' 

Both  bombs  brake 
up,  rleooheted 

XXId  Fab.  Tall  Boy  » 

2 

1 

5'«S" 

Bomb  intact 
in  crater 

XXI  e Fab,  Grand  Slam 

1 

1 

5»-2" 

ftoeke  up, 

rlaeohoted 

5,000 

xtla  Cast  Tall  Boy 

3 

2 

3*-0* 

Both  bomba  broke 
up,  one  rleooheted 

mb  Fab.  Tall  Boy 

3 

2 

31.5- 

One  intact,  one 
broke  up,  both 
ricocheted 

4,750 

Xtle  Fab,  Grand  Slam 

2 

2 

4»-7* 

One  intact  in 
crater.  Ona  broke 
u».  ricocheted 

(b)  The  oast  Tall  Boy  ia  definitely  wsaksr  than  tha 
modified  fabrloatad  Tall  Boy  and  cannot  even  with- 
stand a drop  from  5,000  fast.  Because  of  its 
greater  tendency  to  break  up,  tha  penetration 
at  a given  altitude  ia  lacs  than  for  the  fabrl- 
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eated  Tall  Boy,  Both  the  fabricated  Tall  Boy 
and  the  fabricated  Grand  Slaa  have  an  even  ohanee 
of  regaining  intact  whan  dropped  to  give  a strik- 
ing velocity  of  600  feet  per  second.  All  three 
have  a tendency  to  ricochet  when  dropped  from 
10,000  feet  or  lower. 

(18)  Trial  Ho.  mil  (22.00Q.lb.  SAP  Amazon.  T2S)t  The 

American  22,000- lb.  SAP  (T26)  boab,  known  as  the  Amazon, 
was  produced  in  an  effort  to  obtain  the  aaxLaua  possible 
case  strength  and  penetration  consistent  with  adequate 
explosive  capacity.  This  bomb  has  the  same  overall 
length  as  the  Grand  Slaa]  has  a aaaller  disaster,  38 
Inches  coapared  with  46  inches;  a greater  wall  thick- 
ness, three  inches  coapared  with  1.75  inches  and  a 
thicker  nose.  The  boab  consists  of  a forged  eteel 
nose,  forged  base,  and  four  body  sections  welded  to- 
gether along  six  circumferential  welds.  The  rear  weld 
joining  the  base  ring  to  the  body  is  a stainless 
austenitic  weld.  A comparison  of  the  size  of  this  boab 
with  the  other  boabs  dropped  on  this  project  is  given 
in  Ineloeure  3,  Page  1.  Project  "Ruby-  B-29  aircraft  dropped 
twelve  Aaasons,  each  equipped  with  three  unarmed  T723 
fuses,  inert  adapter  boosters,  and  no  auxiliary  boosters. 
Four  aore  were  dropped  with  one  eaoh  composition  "A" 
auxiliary  booster  but  without  fuses.  The  release 
altitude  was  17,500  feet  in  order  to  obtain  the  saae 
striking  velocity  so  the  2000-lb.  SAP  boabs  dropped 
froa  26,000  feet  (1100  feet  per  eeeond).  It  wee 
thought  that  this  boao  would  not  break  up  at  this 
altitude  because  saae  of  the  2000 -lb.  SAP  boabs  did 
not  break  up  at  this  striking  velocity.  (The  2000- 
lb.  SAP  boab  is  approximately  half  scale  aodel  of  the 
Amazon  boab;  when  reduced  to  the  saae  scale,  the  two 
boabs  have  practically  the  saae  disaster,  wall  tbick- 
nesi  and  length).  Of  fourteen  boabs  dropped  at  the 
target,  ten  hits  were  obtained.  Two  additional  boabs 
had  to  be  aalvoed  into  the  North  Sea  because  of 
malfunctioning  of  the  D-9  shackle.  In  these  two  cases, 
the  A-4  release  failed  to  exert  sufficient  force  to 
actuate  the  shackle  whan  loaded  with  the  Amazon  boab. 

The  cause  of  this  failure  is  given  in  Inclosure  15. 

Of  the  ten  Aaasons  which  hit  the  target,  four 
perforated  the  4*- 1/2  aster  roof.  These  boabs  broke  up 
on  seoondary  impact  within  the  building.  Of  the  six 
bombs  which  did  not  perforate,  one  broke  up  in  the 
crater  on  tho  4-1/2  meter  roof,  two  hit  on  edges  of 
the  periscope  towers  end  broke  up,  end  three  remained 
intact  after  partial  penetration  of  the  seven  meter 
roof.  A description  of  eaoh  individual  hit  is  given 
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below.  Crater  profiles  are  given  in  Inolosure  9* 

(a)  Plot  Ho.  95 t This  boob  a truck  on  the  4-1/2 
aster  roof  over  the  look  ehaaber.  The  boob 
perforated  the  roof  elose  to  the  Kerth  wall 
of  the  building  and  dropped  into  the  wate in- 
filled leak  ehaaber,  36  feet  deep.  Roof 
reinforcing  consisted  of  beestring  eoaerete 
trusses.  Inclosure  7,  page  63,  shoes  the 
hole  aads  in  the  roof.  A diver  was  sent 
down  to  the  bottoa  ef  the  look  ehaaber  te 
inspect  the  bomb.  The  diver  found  that  the 
boab  had  broken  up,  the  nose  sect ion  being  at 
least  five  or  six  feet  in  length.  The  boab 
had  aude  a 3 foot  deep  erater  at  the  bottoa  of 
the  look  ohsaber  on  the  North  side  under  the 
perforation  hole  and  had  bounced  forward  and 
laterally  to  the  South  side  ef  the  ehaaber. 

The  base  ef  the  boab  was  net  located.  Arrange- 
asots  wore  aade  to  puap  out  tire  water  of  the 
ehaaber  to  find  the  base  of  the  boab,  but  this 
operation  had  not  been  eoapleted  by  the  tins 
the  test  was  tenainated. 

(b)  Plot  No.  lOOt  This  boab  struek  on  the  4-1/2 
aster  roof  on  a slab  having  concrete  bowstring 
truss  reinforcing.  The  boab  perforated  the 
roof,  carrying  fin  asseably  with  it,  struck  on 
the  concrete  floor  of  the  building  and  brake  up. 
Proa  the  appearanoe  of  the  erater  aade  on  second- 
ary iapaot,  it  waa  judged  that  the  boab  had 
struck  on  its  side.  Me^sursaents  shewed  that 
the  boab  had  been  deflected  as  it  psrforated  the 
roof.  The  exit  hole  was  left  ef  the  peint  ef 
iapaot  on  the  roof.  Likewise,  the  point  of 
secondary  iapaet  at  ground  level  was  approxiaataly 
IS  fsst  left  of  the  exit  hole  in  the  eeillng. 
Inclosure  7,  page  6$,  shows  the  underneath 
aurfaoe  of  the  roof.  The  lewer  chords  ef  four 
bowstring  trusses  were  severely  dsasged  end  de- 
flected downward.  One  was  asdsrately  daaeged 

sad  one  slightly  dsasged.  The  apper  chords  of 
thres  of  the  trusses  were  severed  by  the  boab. 

The  reinforcing  rods  ef  theee  aeabers  can  be 
seen  in  the  photograph  of  the  erater,  Inelossre 
7,  page  69*  The  front  section  of  the  b<nb 
aeasured  66-1/2  inch*  fraa  nose  to  the  nearest 
broken  edge,  although  a crack  ran  to  within 
96  inches  of  the  nose.  (See  Inclosure  7,  page 
66).  The  longest  section  aeasured  110  inches 


in  length.  The  baa*  of  th«  bomb  vaa  found 
about  300  f«*t  boyond  tho  no**,  in  tb*  dirootion 
of  tha  heading.  Tho  baa*  ring  had  a*parat*d 
fra*  tha  bomb  body  along  tha  circumferential  wold 
for  a distance  of  12  inches;  tha  raat  of  tha  braak 
being  in  tha  natal  of  tha  rear  auction  af  tha 
boab  body,  and  for  12  inohaa  in  tha  natal  of  tha 
baa*  ring.  Tha  three  fuses  vara  intact  in  the 
baa*  plat*,  on*  being  badly  deformed.  These  vara 
sent  to  Pitoatiany  Arsenal  for  examination.  Tha 
inert  adapter  booetere  ware  intact  in  tha  base 
plate.  (Sea  Inclosura  7,  page  66) 

(e)  Plot  Mo.  101 1 This  boab  struck  an  tha  Kerthaast 
corner  of  the  last  perisoepe  tovar  and  fall  to 
tha  ground  on  tha  locrth  side  of  tha  building* 

Tha  boad>  probably  broke  up  on  striking  the  tovar. 
Tha  orator  in  tha  ground  vas  olongatod  in  tho 
dirootion  of  flight,  and  a fan-  fragments  vara 
recovered  froa  the  orator.  A vdaoa  of  the  baa* 
ring  vas  found  just  beyond  the  forward  edge  of 
tho  orator,  with  a frastura  Indicating  that  tha 
rear  void  had  again  failed.  A place  of  no a a 
a act!  an  six  inches  thick  at  tha  front  end  and 
four  inohaa  thiek  at  the  rear  vaa  found  in  front 
part  of  orator.  The  nos  a vas  net  found.  Tha 
aornar  of  tho  periscope  tovar  vas  eraokad  over 
a radius  af  13  foot.  Roof  reinforcing  consisted 
of  atool  truss**.  These,  bovavar,  vara  not 
exposed. 

(d)  Plot  lo.  106 i This  bomb  struck  on  tho  4-1/2 
aster  roof  on  a roof  slab  having  60  on.  I-bean 
reinforcing.  Tho  boab  penetrated  to  a depth 
af  12*-5n , and  broke  19  into  largo  frajpaanta  in 
tho  orator.  Tho  angle  of  penetration  vas  approxi- 
mately 30  degrees.  Tho  eailing  vas  seabbed 
batmen  four  I-beaas.  Too  of  tha  baama  vara 
da fleeted  thro*  feat  downward,  on*  being  broken • 
(See  Incloauro  7,  page  70).  It  ia  thought  that 
tho  resistance  of  tha  I-beam*  contributed  to 
tha  break-up  of  tho  bomb.  One  body  fragment  of 
tho  bomb  measuring  7' -6*  long,  semicircular  at 
rear,  had  a portion  of  tho  base  ring  attached* 

(Sea  Inclosura  7,  page  69)*  On  ana  aid*  tha 
base  ring  had  broken  away  from  tha  tomb  body 
through  tha  veld*  Tho  diameter  aerosa  tb*  saad- 
eireular  portion  vaa  39  inch**,  one  inch  greater 
than  tho  original  bomb  diameter,  indicating  that 
tha  rear  of  tho  bomb  body  had  booh  deformed  by 
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the  Impact  bafora  break-up  occurred,  Another 
fragment  recovered  from  the  crater,  alao  from 
the  rear  portion  of  the  bomb,  showed  a break 
along  the  real  veld  for  a dLetanee  af  30  inebaa. 
The  noaa  and  baaa  plate  mere  found  in  the  crater* 
The  recovered  piacaa,  oonatituting  practically 
tha  entire  bomb,  vara  a hipped  to  Watertown  Araenal 
for  examination.  The  fusee  and  damaged  adapter 
booeters  were  ahipped  with  the  baae  plate* 

(a)  Plot  Wo.  107 » Thie  bomb  etruok  an  the  seven 

meter  reef  15  feet  Xaat  of  an  unfinished  section 
where  the  roof  steps  down  to  4-1/2  meters*  A 
orator  10  feet  deep,  open  at  front  and,  was 
formed.  The  bcmb  came  to  rest  in  the  orator, 
intact  and  unde  formed,  at  an  angle  of  15  degrees 
to  the  ho rl cental.  The  bomb  had  turned  20 
degrees  to  tha  right*  The  tail  assembly  had 
telescoped  into  the  base  plate ■ (See  Ineloeure 
7 , page  72),  and  had  to  be  cut  away  to  reoevor 
the  three  fuses  which  were  intact.  These  were 
r moored  and  shipped  te  Pieatinny  Arsenal  for 
examination.  Inspection  of  the  roof  slab  showed 
that  an  opm  crack  with  origin  at  point  of  impact 
extended  laterally  from  the  crater  edge  to  the 
Morth  edge  of  the  building* 

(f)  Plot  Be.  10$ i This  bomb  struck  against  the  last 
wall  of  the  West  periscope  tower  near  a corner 
(see  Ine Insure  7,  page  73),  and  broke  up  into 

a large  number  of  fragments  which  rebounded  and 
fell  over  a wide  area  including  the  village  of 
Fargo,  In  striking  the  periscope  tower,  the 
bomb  exposed  one  of  the  100  cm.  I-beams  used  as 
reinforcing  in  the  roof  slab.  This  I^besm  was 
dented  on  the  upper  flange  and  bore  masks  ef 
metal  to  metal  impact*  The  bomb  body  probably 
broke  up  as  the  result  of  side  impact  against 
this  I«4»eem.  Inclosure  7,  page  74*  shows  some 
ef  the  fragment#  recovered  from  the  bomb*  The 
baae  plate  was  broksn,  ss  well  as  the  bass  ring* 
Other  fragment*  had  passed  through  the  walls  ef 
houscj  in  the  village,  ever  5C0  yards  from  tha 
point  of  impact*  One  adapter  booster  was  intact 
in  the  base  plate,  one  was  broken  off  and  on# 
vac  missing*  Two  fuses  were  recovered  and  chipped 
to  Pioetlnny  Arsenal  for  examination*  The  third 
fuse  was  act  found. 

(g)  Plot  Wo.  116 1 This  bomb  struck  cn  the  4-1/2 
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meter  roof  on  the  same  roof  section  m Plot  No. 

95.  The  boob  perforated  the  roof  end  produced 
s crater  on  the  eonerete  floor  beside  the  lock 
chamber.  (Sec  Inelosure  7,  page  76).  The  boob 
broke  up  on  secondary  impact,  the  nose  section 
dropping  into  the  water  of  the  lock  chamber. 
Ineioeure  7,  page  76,  shews  the  hole  in  the  roof 
made  by  the  bomb.  The  lower  chord  of  one  bow- 
string truss  was  completely  sewered,  one  was 
badly  damaged  and  deflected  downward  four  or 
fire  feet  and  three  others  were  scabbed.  The 
base  of  the  bomb  was  found  alongside  the  lock 
chamber,  150  feet  ahead  of  point  of  secondary 
impact,  the  break  had  occurred  in  the  metal  of 
the  bomb  body  near  the  rear  weld.  (See  Inelosure 
7.  page  77).  At  no  point  was  the  weld  exposed. 
Fuses  and  adapter  boosters  were  not  fitted  to 
this  bomb.  One  auxiliary  booster  was  fitted, 
filled  with  composition  "A".  This  booster  was 
found  on  the  floor  of  the  upper  level  of  the  lock 
chamber.  It  was  crushed  at  one  end  but  had  not 
blown. 

(h)  Plot  No.  117 t This  bomb  struck  on  the  U-l/2 
meter  root  over  the  look  chamber,  producing  a 
perforation  followed  by  secondary  impact  on  acme 
ateel  trustee  intended  for  fabrication  of  the 
look  gatea.  Inelosure  7,  page  73,  shows  the 
crater  on  the  roof  and  a view  looking  down 
through  the  perforation.  Inelosure  7,  page  79, 
shows  the  damage  to  the  celling.  The  lower  chords 
cf  two  bowstring  trusses  were  severed^  three  were 
badly  deflected  downward  and  one  was  slightly 
scabbed.  The  break-up  of  this  bomb  was  more 
complete  than  in  the  case  of  the  previoi*  perfo- 
rations. The  base  ring  had  separated  from  the 
bomb  body,  and  had  broken.  Inspection  showed 
that  the  rear  weld  had  failed.  The  auxiliary 
booster  had  dropped  into  the  water  of  the  lock 
chamber. 

(i)  Plot  No.  118 1 This  bomb  struck  on  the  West 
periscope  tower  roof  directly  over  the  South 
wall  of  the  tower.  At  the  point  of  lmpeot,  the 
roof  thickness  wes  seven  meters  in  two  layers  of 
3-1/2  metore  each.  The  bomb  cleared  off  the  top 
layer  for  a distance  of  one-third  to  one-half  of 
the  length  of  the  slab  cod  ricocheted  to  the  main 
roof,  deflecting  to  the  left,  and  falling  flat. 
The  bomb  remained  intact,  but  was  slightly  dented 
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our  ths  rear  of  ths  body*  The  bomb  was  out 
open  at  the  bate  for  examination  of  the  composition 
"A"  booster.  This  was  found  to  be  in  satis* 
factory  condition.  Inclosare  7,  page  81.  shows 
a view  of  the  undamaged  bomb.  Penetration  on 
the  tower  roof  was  3-1/2  meters  (li'-b"). 

(j)  Plot  No.  119 > This  bomb  struck  on  a narrow  roof 
slab  of  ssren  meters  thickness.  The  bomb  pene- 
trated 12  feet,  breaking  up  the  slab  across  the 
narrow  dimension.  The  bomb  turned  90  degrees  in 
the  crater,  pointing  approximately  Xorth.  This 
bomb  was  dropped  on  a heading  of  260  degrees. 

The  bomb  was  intact  as  far  aa  could  be  determined. 
Inelosure  7.  page  83.  shews  the  orster  and  the 
bomb  buried  in  the  debris,  lying  in  a horizontal 
position. 

(19)  of  Trial  17111 1 

(a)  Of  ten  Amaaon  hits,  only  three  are  usable  for  a 
measure  of  penetration.  These  are  Plots  107. 

118  and  119.  which  occurred  on  the  seren  meter 
roof.  The  others  either  perforated  the  4- 1/2 
meter  roof,  hit  on  earners,  or  broke  op  in  the 
crater.  The  average  of  these  three  examples 
gives  a vertical  penetration  of  11* -211.  The  pene- 
tration predieted  by  the  formula  of  Incloooro  14. 
page  2.  is  10’ *7".  The  actual  penetration  of 
the  Amazon  is  comparable  with  that  of  the  Disney 
without  rocket  assist)  but  because  of  the  largo 
diameter,  the  Amaaon  perforated  the  4-1/2  motor 
roof  in  every  instance  (except  fer  ene  which  broke 
up  in  the  orator),  while  the  Disney  never  perfo- 
rated without  r ooket  assist.  This  ic  in  agree- 
ment with  the  formula  for  perforation  given  in 
Inelosure  14.  page  4*  This  formula  gives  for  the 
Amazon  z perforation  limit  of  15* -10"  for  a 
vertical  penetration  of  11* -2a.  It  might  appear 
that  the  Amazon  bomb,  if  it  did  not  break  up  on 
impact , could  be  made  to  perforate  the  seven 
meter  roof  ty  dropping  it  from  higher  altitudes. 
Using  the  penetration  and  perforation  formulas, 
it  is  found  that  a release  from  39.000  foot  would 
increase  the  penetration  5Q3C.  thus  raising  the 
perforation  limit  to  22  foot.  The  bomb  would 
still  fail  to  perforate  the  23  foot  roof  oven 
if  it  wore  strong  enough  to  withstand  the 
higher  striking  velocity.  Other  alternatives  arsi 
urns  rocket  assist,  doorcase  boab  diameter,  or  both. 
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(b)  The  condition  of  tho  eight  recovered  T723  fuses 
end  Adopter  boosters  is  described  in  a report 
fUmished  by  Pioatinny  Arsenal,  copy  of  vhieh  ie 
attached  as  In cl os ore  16,  All  but  one  fuse  had 
successfully  withstood  impact  on  concrete.  The 
one  fuse  which  failed  had  fired  its  p riser  when 
the  fuss  body  was  crushed  by  secondary  impact. 

The  boab  from  which  this  fuse  «rai  recovered  had 
broken  up.  The  Picatinny  Arsenal  report  further 
indicates  that  the  K39  Special  Primer  used  in 
this  fuse  is  not  reliable.  Two  primer  failures 
occurred  out  of  nine  primer  detonators  tested 
from  a lot  which  was  goaded  at  the  same  time 
that  the  Pro J act "Ruby lT7 23  fusee  were  loaded. 

(20)  Trial  XU  (1650-lb.  Model  Bombs) t These  bomba  were 
aade  from  the  esses  of  Disnsy  bombs  by  reducing  the 
outer  diameter,  increasing  the  inner  diameter,  reduc- 
ing the  length,  and  changing  the  nose  shape.  The 
result  is  an  experimental  British  model  of  s 12,000-lb. 
CP/RA  bomb.  The  model  was  fittsd  with  s conventional 
cylindrical  fin  instead  of  a rocket  motor  assembly. 

The  bomb  was  designed  by  Ur.  H.  L.  Pugh,  Director  of 
the  British  Bead  Research  Laboratory.  The  bomb  and 
the  theory  on  which  its  design  is  bsssd  is  covsred  in 
UO0  Report  Mo.  475r  "Design  of  Anti-concrete  Bombs10. 
Sines  the  Disneys  used  in  Trials  X and  XII  were 
found  to  have  flaws  in  the  nose,  each  bomb  case  to 
be  usds  into  a model  bomb  was  X-rayed  for  flaws  be- 
fore machining.  The  purpose  of  this  trial  was  to 
determine  the  altitude  at  which  this  bomb  would  begin 
to  break  up.  Three  bombs  were  dropped  by  Lancaster 
aircraft  from  9,600  feet  (striking  velocity  800  feet 
per  seoond),  seorlng  three  hits.  The  bombs  bent  but 
did  not  break  up.  The  altitude  was  than  increased  to 
15>600  feet  (striking  velooity  1000  feet  per  second), 
end  nine  bombs  were  dropped,  scoring  one  hit.  This 
bomb  also  bent  but  did  not  break  up.  This  is  as  far 
as  the  Trial  had  progressed  at  the  time  Project  "Ruby" 
returned  to  Bglin  Field.  Subsequently,  taro  drops  were 
made  from  20,000  feet  (striking  velocity  1100  feet 
per  second),  scoring  one  hit.  (Plot  No.  129).  In 
this  ease  the  bomb  fell  flat  because  the  tail  structure 
had  come  loose.  The  bomb  had  dented  on  one  side  end 
cracked  on  the  side  opposite,  further  drops  at 
18,000  feet  were  then  to  be  made,  with  precautions 
taken  to  insure  that  the  tail  structure  did  not 
break  away,  following  is  a description  of  each  hit. 
Cratar  profiles  are  given  in  Inalosure  9. 


(a)  Plot  No,  110 t This  bomb,  dropped  fro*  9,500 
feet,  struck  on  the  North  wall  of  the  target, 
denting  the  vail  as  shown  in  Inclosure  7,  page 
84*  The  bomb  glanced  eff  the  vail,  hit  the  feet* 
ing,  and  rehounded  300  feet,  striking  on  its  nose 
on  a concrete  platform,  and  making  a small  round 
dent  in  the  concrete.  The  ho  eh  was  badly  bent 
into  an  "8"  shape.  (See  13010801*0  7,  page  85)* 

The  bomb  was  flattened  at  the  base,  and  the  base 
plate  had  broken  off.  This  bomb  withstood  a 
tremendous  amount  of  side  stress. 

(b)  Plot  No,  lilt  This  bomb  dropped  from  9,600  feet, 
struck  on  the  4-1/2  meter  roof  on  a slab  haring 
bowstring  truss  reinforcing.  The  bomb  made  a 
crater  3' -3”  deep  and  bounced  to  the  crater  edge 
intact,  but  considerably  bent.  Inelosure  7, 
page  86,  shows  the  crater  and  the  condition  of 
the  bomb  after  impact. 

(e)  Plot  No.  112 1 This  bomb,  dropped  from  9,600  feet, 
struck  on  the  4*- 1/2  meter  roof  at  the  junction  of 
two  roof  slabs.  Again  the  bomb  bounced  to  the 
crater  edge,  bent  but  intact.  Crater  depth  was 
3,-2".  Inelosure  7,  page  88,  shows  views  of  the 
crater  and  bomb.  - Both  bombs  which  hit  from  this 
altitude  had  been  bowed  two  to  three  inches  out 
of  line  by  the  impact. 

(d)  Plot  Mo.  124!  This  is  the  only  bomb  dropped  from 
the  15,600  foot  level  which  struck  the  target. 

This  bomb  penetrated  4'-4"  and  bounced  out  of  the 
crater,  o owing  to  reet  90  feet  away,  intact.  The 
bomb  body  »*»  bowed  3-3/4  inches  out  of  line. 

Views  of  the  bomb  and  orator  are  given  in  Inol- 
ooure  7,  page  89*  Impact  occurred  on  a reef 
^ slab  with  bowstring  truss  reinforcing. 

(21)  Summary  of  Trial  XXXi  It  appears  that  tbs  suss  strength 
of  the  model  bomb  is  great  enough  to  resist  bracking  up 
when  dropped  to  reach  a striking  velocity  of  1000  feet 
per  second,  but  the  ratio  of  length  to  dismvter  ia  toe' 
greet,  8.5  compared  with  7.9  for  the  Disney;  hence, 
the  tendency  for  the  bomb  body  to  bend  end  bounce  out 
of  the  crater. 


(22)  Parse  bomb  Plott  Two  bomb  plots  have  been  prepared 
for  the  Fargo  target.  One  chows  only  these  bastes 
dropped  by  Project  "Ruby"  aircraft  (Ineloaura  6,  page 
2).  This  plot  a hows  the  location  of  impacts  of  98 


bombs  dropped,  including  both  hits  and  misses.  light 
•f  tha  boi&e  (Plots  18  to  25 , inclusive)  wore  10O-lb, 
practios  bomba,  dropped  to  chock  bombing  equip* sot. 

The  nuabor  of  hits  was  40,  giving  an  overall  percent- 
age of  hits  of  41  psr  cent.  If  the  2000-1 b.  SAP  boabs 
dropped  fro*  26,250  feet  are  excluded  as  being  erratic 
in  flight,  the  percentage  of  hits  becomes  38  out  of 
74  boabs  dropped  or  51  per  cent.  The  percentage  of 
hits  with  Aaason  boabs  was  71  per  cent.  The  last 
shipment  of  four  Amazon*  was  dropped  with  100  per 
cent  accuracy,  as  all  hit  the  target.  The  other  bomb 
plot.  Inclosure  6,  page  1,  shows  only  those  boabs 
which  hit  the  target  and  includes  those  dropped  by 
Lancasters  as  well  as  those  dropped  by  Project 
"Ruby"  sir craft.  Practice  bomb  hits  are  not  shown. 

On  this  plot  thoro  are  53  hits,  including  two  which 
hit  on  the  footing,  and  one  which  hit  on  the  wall. 

There  are  several  close  near  misses,  including  a 
Grand  Siam  bomb.  Plot  No.  13. 

Heligoland  Trials » 

(1)  Target i The  Heligoland  target  consists  of  a reinforc- 
ed concrete  U-boat  shelter  506  feet  long  and  310  fast 
wids.  The  roof  thickness  is  10  fast.  The  shelter  is 
constructed  partly  over  water  and  pertly  over  land. 

The  portion  built  over  the  water  is  divided  into 
three  pens,  to  admit  submarines.  Bach  pan  msasurss 
340  fast  long  and  70  feat  wide.  The  portion  on  land 
contains  machine  shops  and  testing  squipmsnt.  Ths 
two  side  walls  have  windows  with  provision  for  hinged 
steel  shutters.  The  roof  is  built  with  a 10  foot  over- 
hang. The  height  of  the  structure  is  37  feet  above 
ground  level.  Roof  reinforcing  consists  of  1"  and  1/2" 
steel  bars  running  lengthwise  and  crosswise  at  top 

and  bottom  of  eaeh  roof  slab,  as  well  as  vertical  bars. 
At  the  center  of  the  roof  Is  a circular  emplacement 
containing  radar  equipment.  This  mads  a convenient 
aiming  point  for  the  triads.  Altogether  133  bombs 
were  dropped  at  Heligoland,  and  45  hits  were  scored. 

(See  Inal  satire  12,  page  1),  All  bombing  was  accomplish- 
ed from  20,000  feet  altitude  with  B~17  aircraft. 

(2)  Trial  I (Disney  with  70/30  Shellite)t  In  ths  initial 
trial  at  Heligoland  a 70/30  mixture  of  Shsllits  (picric 
acid/diaitrophcaol)  was  used  in  Disney  Bombs  dropped 
without  rocket  assist.  Ths  bombs  ware  to  be  unfused 
and  without  exploders.  Ten  bombs  were  dropped, 

•eorlng  four  hits  (Plots  1 to  4} , throe  ef  which  per- 
forated the  roof,  and  the  fourth  went  through  the  edge 
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of  the  overhang.  All  four  bomba  fall  through  to  tha 
water  and  ware  not  recovered.  There  were  no  indication* 
of  break-up  of  the  bcmbs*  nor  of  detonation  of  the 
filler.  Photograph*  of  the  perforations  are  given  in 
Incloaure  13*  pages  1 to  4. 

(3)  Trial  V (Disney*  with  3DX/AL /frax.  64/20/16 )i  In  the 
next  trial*  the  Disney*  were  filled  with  a mixture  of 
RDX*  aluminum  powder*  and  wax  in  the  proportions  64/20/ 
16*  Of  12  bombs  dropped,  without  rocket  assist*  five 
hits  were  obtained  (Plots  5 to  9).  All  five  bombs  per- 
forated the  root,  three  dropping  into  water  of  the  pens 
and  two  dropping  into  the  shop  area  at  the  rear.  Thesa 
latter  two  bombs  were  found  intaot  after  a ratering  in 
basement  floor*  Photograph*  of  the  hits  on  this  trial 
are  given  in  Inclosure  13*  pages  3 to  11.  There  was 

no  indication  of  breakup  of  bombs  nor  of  detonation  of 
the  filler. 

(4)  Trial  HII  (Dianeys  with  BDX/Al/»ax.  68/20/12) i In 
this  trial*  the  percentage  of  RDX  was  increased  to  66 
per  cent*  with  the  percentage  of  wax  decreased  to  12 
per  cent.  Ten  Disney*  without  rocket  assist  were 
dropped  with  this  more  sensitive  filler*  and  two  hits 
were  scored  (Plots  10  and  11) . Both  hits  produced 
perforations  in  the  roof  over  the  pens.  Cfae  fell 
through  to  the  water*  the  other  lodged  in  the  oonerete 
floor  at  the  foot  of  the  wall  separating  the  prnis  from 
the  shop  area.  The  base  of  this  bomb  was  18  inches 
beneath  the  floor  level*  at  an  angle  of  20  degrees  to 
the  horisontal.  There  were  no  indications  that  either 
comb  had  broken  up  and  no  signs  of  detonation  of  the 
filler.  Photographs  of  the  craters  and  perforations 
are  given  in  Incloaure  13*  pages  12  and  13* 

(5)  Trial  XVI  (Disney*  with  TNT) i The  next  trial  consisted 
of  Dianeys  with  TNT  filler.  Twelve  bombs  were  dropped 
without  rocket  assist  and  five  hits  were  obtained  (Plots 
12  to  16).  All  hits  re*"lted  in  perforation*  of  the 
roof  over  the  pans.  No  bombs  were  recovered.  There 
were  no  signs  of  breakup  of  these  bombs  aer  of  detonation 
of  the  filler.  Photographs  of  ths  perforations  are 
given  in  Incloaure  13*  pages  14  to  20.  One  bomb  (Plot 
No.  13)  came  through  the  roof  between  supporting 
pillars*  struck  the  edge  of  the  pillar*  and  buried 
beneath  the  floor  of  the  eatwalk  of  the  pen.  One 

bomb  of  thie  trial  Aioh  missed  tha  target  on  the  North 
aide  went  through  the  roof  of  e steam  tunnel  leading  to 
the  building.  The  bomb  struck  against  the  wall  of  the 
tunnel  and  apparently  broke  up*  ee  a tail  fragment  was 
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found  with  an  impact  typo  of  fracture.  The  TNT 
filler  Must  then  have  been  set  off  by  the  break-up,  and 
the  detonation  progressed  from  low  order  at  the  base  to 
high  order  toward  the  nose.  Both  low  order  and  high 
order  type  fragments  were  recovered.  The  aetal  ring 
which  fits  over  the  base  of  the  bomb  was  found  with  six 
inches  of  the  threads  torn  off.  The  ring  itself  was  badly 
deformed.  The  rocket  fuse  pot,  rocket  motor  plate,  and 
one  pistol  were  also  found  in  the  tumel.  (See  Inelesure 
13,  page  21).  The  pistol  was  unexpected,  a*  the  Programme 
of  Trials  specified  that  fuses  were  not  to  be  fitted. 
Project  “Ruby"  Ordnance  Officer's  records  were  checked  and 
it  was  found  that  Disney  bombs  on  Trials  I,  V,  HII,  XVI 
and  XX,  were  dropped  with  pistols  containing  dumay 
detonators  and  live  percussion  caps. 


Trial  XIV.  (Dianeya  with  RDX/TNT/Al/ftax/carbon  black. 


20/60/20/6/2)1  In  this  trial,  a 20/60/20  mixture  o;' 

RDX,  TNT,  Aluminum  powder  was  further  mixed  with  wax, 
and  carbon  black  and,  used  in  the  Disney  bombs.  Ten 
bombs  were  droppe dQdthoui^rocket  assist,  scoring  three 
hits  (Plots  17-19) /""Two  or  the  hits  produced  perforations 
in  the  roof  over  the  pens,  the  third  perforated  the  roof 
overhang.  The  bombs  were  not  reoovered.  There  were  no 
indications  of  detonation  of  the  filler.  Photographs 
of  these  perforations  are  shown  in  Inclosure  13,  pages 
22  to  24. 

Trial  IV  (Dianeya  with  RDX/TNT /Wax/Carbon  Black,  20/ 


80/10/2)1  In  this  trial,  a 20/80  mixture  of  RDX  and  TNT 
was  mixed  with  wax  and  carbon  black  and  used  in  Disney 
bombs.  Ten  bombs  were  dropped  (without  rocket  assist, 
and  four  hits  were  scored.  (Plots  20-23).  Three  hits 
resulted  in  perforations  of  the  roof  and  the  fourth  pei>» 
fora ted  the  roof  overhang.  No  bombs  were  reoovered,  as 
one  fell  through  to  the  water,  two  buried  into  inacces- 
sible parts  of  the  basement,  and  one  buried  in  a tunnel 
after  perforating  a one  inch  steel  plate  on  the  ground. 
There  were  no  signs  of  detonation  of  the  filler. 

Trial  XX  (Disneys  with  PlcratoDi  In  this  ijAal,  12 


Disneys  with  picratol  filler  were  droppecK jidtlj) rocket 
assist,  and  five  hits  were  scored  (Plots  33-37),  three 
with  rocket  assist  functioning,  and  two  in  which  the 
rockets  falltd  to  function.  All  bombs  which  hit  peiv 
forated  ths  roof.  Ons  bomb  was  recovered  in  the 
machine  shop  area  which  had  perforated  the  roof  of  the 
middle  pen,  struck  against  a pillar  and  ricocheted. 


perforating  the  wall  between  the  pen a and  the  aachine 
chop  area.  Proa  aerial  photographs  and  Ordnance 
records,  this  bomb  was  Identified  as  eoalng  from  the 
perforation.  Plot  No.  33.  There  were  no  signs  of 
detonation  of  the  filler  for  any  of  the  hits  on  this 
trial. 

(9)  Trial  I9II  (2.000-lb.  SAP  bomba  with  PicrstoQi  In 
this  trial.  37  M103  bombs  with  pioratol  filler  were 
dropped (without  fualk^  and  nine  nits  were  scored. 

(Plots  2ltr%2)  r In~ifireo  instances  the  bombs  broke 
up  upon  Impact  and  the  filler  went  off  low  order* 
scattering  pieratol  over  a wide  area  on  the  roof. 

(Plots  27*  28*  and  32).  Aerial  photographs  taken 
during  Impact  of  Plot  32  further  oonflra  that  this 
bomb  detonated  (see  Inclosure  13*  page  43).  Frag- 
ments recovered  from  two  of  these  throe  bombs  exhibit- 
ed impact  type  fractures  rather  than  explosion  type 
fraotures.  The  third  bomb  was  net  recovered.  The 
other  six  bombs  which  struck  the  roof  were  intact* 
but  three  were  dented  near  the  rear  lug  in  a manner 
similar  to  the  drops  on  Trial  VI  at  Fargo.  Penetrations 
varied  from  2'-6"  to  3'-6“*  and  averaged  3'-l".  This 
is  the  same  as  the  average  obtained  in  Trial  VI. 
Photographs  of  the  orators  ere  given  in  In&oeure  13* 
pages  34  to  42. 

(10)  Trial  XIII  (2.000-lb.  SAP  bombs  with  Picretel  and  live 
fuses)!  The  final  trial  at  Heligoland  was  arranged 
to  tost  the  effectiveness  of  the  picretel  filled 
2000-lb.  SAP  bomb  when  fused  with  1/10  second  delay 
fuses.  Twenty  bombs  were  dropped,  end  eight  hits 
were  soered.  (Plots  38-43).  Crater  photographs  ere 
given  in  Inclosure  13*  pages  44  to  52.  Nome  ef  the 
hits  resulted  in  perforations  of  the  roof.  Cretere 
were  only  slightly  deeper  (36*  to  43”)  than  far  the 
previous  trial*  bet  the  reef  was  scabbed  in  some 
instances.  Che  boob  hi  ton  the  overhang,  and  blew  e 
hole  through  it.  There  was  one  dud*  (Plot  No.  41)* 
and  ono  low  order  detonation  (Plot  No.  44).  Oho  near 
alas  also  funotionsd  low  order.  A base  plat#  waa 
found  near  the  crater  of  Plot  No.  44.  This  base  plate 
was  complete  with  fuse.  The  inner  end  of  the  fuse 
was  crushed.  The  base  plate  contained  wiree  stripped 
from  the  threads  of  ths  bomb  body  threads.  The  in- 
ference is  that  this  bomb  landed  flat  and  squeesed 
out  its  base  plate  before  fUse  functioning.  The  bomb 
then  rioocheted  and  scattered  its  filler*  burning  lew 
order.  The  photograph*  Incloaura  13*  page  31*  shows 
an  asrial  view  of  this  impsot. 


(11)  Buaaarr.  Hellaoland  Trials! 

(a)  All  of  tho  typo*  of  explosive  filloro  tooted  wore 
sufficiently  insensitive  to  withstand  lapaet  on  tho 
3 aster  roof.  All  Disney  boobs  whisk  hit  tho  pons 
either  perforated  the  roof  or  tho  roof  everhsag  with* 
oat  detonating  or  breaking  up.  One  TUT  filled 
Disney  boob  whisk  oissod  the  target  detonated  uy-n 
side  inpaet  against  a tannol  wall.  This  boob  broke 
ap  and  detonation  followed  upon  secondary  lapaet. 

(b)  Three  uafased  pieratol  filled  2000-lb.  SAP  boabo 
wont  off  lew  order  open  break-ap  of  tho  ease. 

Hero  initiation  of  the  adapter  booster  on  secondary 
lapaet  probably  ceased  the  detonation. 

(c)  The  piaratol  filled  2000-lb.  SAP  beaks,  fused  for 
0.10  second  delay,  will  net  blew  through  10  foot  of 
ooneroto,  although  in  eeao  cases  scabbing  of  tbs 
underside  of  the  reef  secure.  This  beab  will  blew 
through  looser  thicknesses  of  eeasrets  such  as  tho 
roof  overhang. 
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Inclosuro  12  - Beab  Flat  - Heligoland 
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test  historical  m 


1.  attODOCTIOBi 

a.  Attthorlty.—Tee tine  conducted  by  authority  of  latter  frea 
flaadfEiarWa,  Ail,  dated  5 January  19^6  to  OG,  AAV  Canter. 

2.  MB  OP  JOTIYJgiqh  10  Jnrnary  1946. 

3.  DiffK  wnpioaT  ggmgPi 

a.  Aircraft  aad  personnel  arrived  Marfaaat,  Baflaad  15  March  1946, 

b.  Virat  shlpaant  of  Joason  (T2B)  Boabe  arrived  Marbaa,  Inland 
20  June  1§4S. 

c.  Iaat  Jaaton  (T28)  and  picratoL-i Iliad  Disney  Boaba  arrival 
Marbaa,  Bocland  7 July  1946. 

4.  DUB  TMTOtt  STABPPt  25  March  1946. 

5.  DUB  PBOJBPT  oaCUTBh  30  Ootobar  1946. 

b.  SOaPflffllCBS:  Mona. 

7.  ILTIMQ  BOOBBt  f47.b  hoars. 

8.  QBOOMD  HfCBBt  ApproxLeetoly  1000  hours. 

9.  RELATED  TESTS: 

a.  Projaoi  Boo  1-45-22,  AAV  Board  Project  Bo.  14474,  »T«t  of 
Tail  Boy  Boab  Installation  in  £-29  Airplane." 

b.  Project  Mo.  L-4^57 , AAV  Board  Project  Mo.  Q4 7U,  "iffeotlve 
Naans  for  Attack  of  Japanese  Caras  aad  Pillboxes." 

o.  Project  lo.  1-45-6;,  AAV  Board  Project  Mo.  V4726,  "Test  of 
Tall  Boy  and  Grand  Sian  Installation  In  B»32  Airplane." 

d.  Project  Bo.  4-4^23,  AAV  Board  Project  Bo,  tf*757  "Cbsmtioaal 
Suitability  of  B-29  Airplane  Bgxlpped  «lth  External  Boab  Basks. 

e.  Project  io.  L-45-43,  AAV  Board  Project  Bo.  V4664,  "Test  of 
Tell  Boy  Boab  Installation  tu  B-29  Airplane." 


Inclosnre  1 . pace  1. 


51 


CBNH06SfitAl 


f.  AAF  Board  Project  No.  b6\  Ubjl.b,  “Study  of  the 
Employment  end  Effectiveness  of  Large  Bomba. “ 

10.  Suoject  equipment  haa  been  tested  only  under  temperate  climatic 
conditions. 


Inclooure  1,  page  2. 
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AIR  PR0VTU3  GROUND  COMAHD 
BGLIN  FIELD,  FLORIDA 
CBTICS  OF  AC/S,  A- 3 

1?  August  1946 

SUBJECT:  Program  for  Comparative  Test  of  the  Effectiveness  of  Large 

Bombs  Against  Reinforced  Concrete  Structures  (Anglo-American 
Bomb  Tests  - Project  "Ruby",  Project  3b.  L-46-7). 

TO:  Commanding  Officer,  Project  "Ruby",  Eglin  Field,  Florida. 

1.  GStgRAL? 

a.  Description.— Pits  test  is  a joint  Brl t i sb- American 
project  to  ietirmine  the concrete  penetrati^  performance  of  large 
bombs.  Pie  reinforced  concrete  Submarine  Assembly  Plart  at  Farge, 
Germany,  and  the  U-Boat  Shelter  on  the  island  of  Heligoland  will  be 
used  as  targets.  The  target  at  Fargo  will  be  limited  to  drops  with 
inert  loaded  bombs  because  of  the  proximity  of  the  village  to  the 
target,  ill  drops  with  H.E.  loaded  bombs  will  be  carried  out  at 
Heligoland  which  is  uninhabited.  Pie  types  of  bombs  to  be  tested 
include  the  follow! 

(1)  20C?0-lb.  SAP  (KL03) 

(2)  450O-lb.  CP/RA  (Disney) 

(3)  12,000-lb.  M.C.  (Tall  Boy)  ) Both  British  and 

) American  versions 

(4)  22,000-lb.  M.C.  (Grand  Slam)  ) to  be  tested. 

(5)  22. 000-lb.  SAP  (Amazon) 

(6)  1650-lb.  model  of  12,000-lb.  CP/RA 

Both  British  and  American  aircraft  will  be  used  to  drop  the  above  bombs. 
British  participation  will  Include  Lancaster  aircraft  based  at  RAF 
Station,  Mildsahall,  England.  American  aircraft  participating  will 
Include  seven  B-I7*s  and  three  B-29's.  the  latter  with  bomb  bay  doors 
modified  to  carry  Tall  Boy  and  Grand  Slam  bombs.  P»  base  at  operations 
and  Headquarters  of  Project  "Ruby"  will  be  at  RAF  Station,  Marham, 
England.  A detachment  of  Project  "Ruby"  will  be  maintained  at  Fkrge, 
Germany.  This  detachment  will  consist  of  assessors  and  photographers. 

b.  Priority:  1A. 

c.  Project  Officer:  Qaptaln  C.  D.  Half  stack. 

Assistant  Project  Officer:  Dr.  Howard  S.  Heinedce. 


Inclosure  2,  Page  1 
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d,  Teat  Officer:  Lt.  Ool.  D.  0.  Hawse. 

2.  OBJICTt 

To  obtain  inferaation  regarding  the  performance  a49i.net 
rainf oread  concrete  of  British  and  Jmar lean  bembe  of  special  and 
standard  design,  with  particular  reference  to: 

a.  Penetration. 

b.  Ckaa  strength. 

c.  Insensitivity  of  exploder  syatse. 

d.  Baiiabillty  of  pistols  and  tu taa. 

a.  Insensitivity  of  aain  fillings. 

3.  MPBOD  Cff  OOPJCTIB  T»3E: 

Teat  «ill  ba  conducted  la  accordance  with  directive  free 
BAT  Bomber  Oaaaand  BO/8.  32X04/5  l£Bff  dated  5 March  I9M6 .entitled: 
"Instructions  for  Trials  at  Taxge  and  Heligoland  to  Determine  the 
Performance  of  facial  Boaba  and  Components  igsiset  Coaorata  Tar£etal,» 
copy  of  aid  oh  is  attaobad  as  Inclosure  So.  1. 

4.  HBOOBD8: 

Ooaplati*  records  will  ba  kept  by  Head quarters,  Project  “Baby* 
of  all  boaba  dropped  by  Project  Stoby"  aircraft.  These  records  will 
chow  type  and  weight  of  boob  dropped,  boob  aerial  amber,  airplane 
serial  amber,  release  altitude,  true  air  spaed,  trial  amber,  and 
location  of  hit.  A report  will  ba  arlttss  for  each  naif  unction  of 
boot  release  equipment.  Bostardiars  will  fill  oat  oa^pietaly  and 
maintain  a file  of  Tores  120  for  aaoh  aissioa  aoocwyl .iated.  Aerial 
photographs  will  ba  takes  of  all  lapse ts  if  prsctioabla. 

The  Project  "Baby*  detachment  at  Targe  will  aaintain  ooqplets 
records  of  the  nasal ta  of  Tkltlah  and  iearioan  bomb  hits  on  both  Three 
and  Heligoland  targets.  Depth  of  penetration,  crater  diaaosiaas, 
crater  profiles,  behavior  of  bcab  in  fll£it  and  on  ispast,  condition 
and  angle  of  rest  of  bomb  after  lnpaot,  coalition  of  borib  ooaponeata 
and  fillor,  fanctioaiig  of  id. stole  and  faces,  functioning  of  rocket 
motor  in  the  oase  of  Disney  boaba,  will  be  recorded.  Location  of  aaoh 
bomb  hit  will  be  obtained  and  plotted  on  a roof  plan  of  the  target. 

Ail  records  will  be  substantiated  as  fer  as  possible  by  photographs. 
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INSTRUCTIONS  FOB  TRIALS  AT  FARCE  AND  HELIGOLAND 
TO  DETERMINE  THE  PERFORMANCE  OF  SPECIAL  BOMBS 
AND  COMPONENTS  AGAINST  CONCRETE  TARGETS. 


COPT  K)._ 

APPENDICES. 

"A"  - PROGRAMME  OF  TRIALS. 

"B"  - ADMINISTRATIVE  ARRANGEMENTS  FOR  TRIALS  UNIT. 

"C"  - FAROE  TARGET  DATA  AND  RANGE  ORDERS. 

"D"  - HELIGOLAND  TARGET  DATA  AND  RANGE  ORDERS. 

"E"  - ASSESSORS. 

"F*1  - RESPONSIBILITIES  OF  RANGE  OFFICER,  FAROE. 

SIGNALS  INSTRUCTIONS  - BOMBER  -COMMAND  SIGNALS  INSTRUCTION  No.  31 

(LIMITED  DISTRIBUTION  ONLY). 


INFORMATION 


Naturs  and  Scop#  of  Trials. 


1.  The  Air  Ministry  and  tha  United  State*  Amy  Air  Force  Auth- 

orities have  decided  that  Trial*  b*  carried  out  to  obtain  informa- 
tion regarding  the  performance  of  H.E.  Bombs  of  special  design, 
with  particular  reference  to»- 


Penet ration. 

Strength  of  Cases. 

Insensitivity  of  Exploder  8yst< 
Reliability  of  Pistols  and  Fuses. 
Insensitivity  of  Vain  Fillings. 


(a) 

(b) 

(c) 

(d) 

(e) 


2.  Arrangements  have  accordingly  been  made  to  uee  the  rein- 
forced concrete  structure  at  FAROE  (OSGS  4416  M.3,  Grid  Reference 
513143)  situated  14  miles  NORTH  VEST  of  BREMEN,  on  the  River  WESK. 
The  FARCE  Target  will  be  used  for  Trial*  with  INERT  FILLED  BCMB8 
ONLY.  Subsequent  Trials  with  HIGH  EXPLOSIVE  FILLED  BCMBS,  mill  be 
carried  out  against  the  *UM-Boat  Shelter  at  HELIGOLAND . 
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/ Responsibility  for  Trials. 
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3.  COHUUD  has  been  charged  with  the  operational  re- 

sponsibility for  these  Trials.  Air  Crew,  Maintenance  crews,  and 
aircraft  will  be  provided  for  the  Trials  as  follows  t- 

(a)  Mo.  1$  Squadron,  MUD  SHALL. 

Mo.  II  - 8 Rounds. 

Mo.  II  - 5 Rounds. 

Mo. XIX  - Munber  of  Rounds  not  yet  known. 

(b)  U.S.A.A.F.  Detachoent , MARHAM. 

No.  1 - 12  Rounds. 

Mo.  V - 12  Rounds. 

Mo.  fl  - 40  Rounds. 

Mo.  X - 12  Rounds. 

Mo.  HI-  12  Rounds. 

Mo. XIII-  12  Rounds. 

Mo.  XIV-  12  Rounds. 

Mo.  XV  - 12  Rounds. 

No.  XVI-  12  Rounds. 

Mo. XVII-  80  Rounds. 

Mo.  IX  - 4 Rounds. 

For  full  details  of  the  progrmnue  of  Trials  see 
Appendix  "A" . 


Prrrtm  ftrforf  - 

4.  This  Instruction  oaacels  the  previous  Instruction  issued 
under  Headquarters,  BOMBS  COMMAND  Reference  BC/3.312C4/5  ABUT 
dated  13th  October,  1945,  as  anended  by  Headquarters,  BOMBS  COM- 
MAND letter  BC/8. 31204/5  ARMT  dated  19th  January,  1946,  all  copies 
of  itoich  are  to  be  destroyed. 

BRCUTIOM 

Training. 


5.  Arrsnf oasots  have  been  wade  through  the  Director  Arsawewt 

Research  and  Developwant  for  the  United  States  Any  Air  Force 
Cut  achwoot  te  carry  out  Practice  Boohing  with  100-lb  Sand  Filled 
Boobs  and  Inert  Filled  CP/RA  Boobs  at  GBFORDMSS.  Before  oco- 
osneing  Trials  against  the  Target  at  FARGS  the  Officer  Ccoosndlng 

/ the  Aosrican 
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tbs  American  Dstachaent  will  contact  Mr.  PRIMS,  Superintendent, 
QfiPOBDMISS,  through  the  R.A.P.  Liaison  Officer  at  R.A.P.  Station 
MARHAM,  (Squadron  Loader  A.  J.  MOODY) , and  arrange  details  of  these 
exercises,  which  are  to  be  carried  out  froa  20,000  ft.  In  ad- 
dition te  the  facilities  afforded  at  QRPQHDME83,  Practice  Bonking, 
with  Sand  Pilled  Boabs,  but  MOT  GP/RA  Boabs,  aa y he  carried  oat  at 
RBSHPOBB  Boablng  Range  under  arrangoaeats  to  he  aade  with  Head- 
quarters, Mo.  3 Group. 


6.  The  Target  far  the  2H&T  PILLS)  Beab  Trials  la  te  he  the 
reinforced  concrete  structure  at  FARGS,  full  details  ef  which  are 
given  in  Appendix  "C". 

7*  The  Target  far  the  HSB  KPLOSIfX  Pilled  leak  Trials,  in  te 
be  the  "U°-Best  Shelter  at  KIL200LA1D,  full  details  of  ^ieh  are 
given  in  Appendix  "D". 

Liaison  Officers. 

8.  Squadron  Leader  A.  J.  MOODY  la  appointed  Amass nt  Y.lnlsea 
Officer  with  the  United  States  Amp  Ai r Perce  Detach  went  at  B.A.P. 
Station,  MARHAM. 

9.  Flight  Lieutenant  C.  H.  VICKS  la  appointed  Arm  a ait  Liaieee 
Officer  with  Mo.  15  Squadron,  B.A.P.  at  R.A.P.  Station,  MUDIMHAT.T  ♦ 

mum  ha  Ian  Stott- 

10.  Aseessers  and  Range  Staff  are  to  be  provided  by  the  Direct- 
or of  Area  went  Research  and  Devclopaent  and  the  United  Staten  Amy 
Air  Porce  Authorities,  in  cooperation  with  Headquarters,  SOMUM 
CdMfAMD,  the  Ordnance  Beard,  Chief  Ingxneer  Amaaeot  Deeign,  Chief 
Superintendent  Arasaent  Research,  the  Antl-Oeaerete  C snail tee  ead 
the  Road  Research  Laboratory.  Naans  and  telephone  nvwhers  sf  the 
Asseseers  are  given  in  Appendix  "B*. 

11.  The  Representative  far  the  United  States  Any  Air  Pores 
Assessors  is  Calsoal  D.  0.  HAME5  (U.S.A.A.P.  Representative  frea 
OBLAMDO,  FLORIDA),  Officer  Csaasnrtlng  United  Statee  Arny  Air  Ferae 
Detachacat,  MARHAM,  and  Officer  In  charge  Project  ■BBB7*. 

12.  The  Range  Party  at  PAMS  is  madsr  tha  saaanad  sf  Hag 

0 QARMtt  (D.Am.M.D's  Staff).  For  the  purposes  ef  thse* 

Trials  it  is  under  the  direct  operational  central  of  Beedqeartero, 

/ UKH  OGMMAMD 


a*. 
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BGMBEB  COMMAND. 


13.  Details  of  the  Bangs  Party,  establishments,  stc.  are  giren 
In  Appendix  *B" . 

14*  the  Range  Party  established  at  PASGE  is  under  the  adminis- 
trative control  of  Headquarters,  B.A.F.O.  for  the  duration  of  the 
Trials . 


15*  The  responsibilities  of  the  Officer  Commanding  Bangs  Party, 
PARQK,  are  set  out  in  Appendix  nFn. 

goyftr?!- 

16.  The  Commandant,  Central  Bomber  Establishment,  UABHAM,  is 
responsible  for  ensuring  that  the  Officer  Commanding  the  United 
States  Army  Air  Pores  Detachment  is  fully  acquainted  with,  and  is 
in  possession  of,  all  Instructions  for  Plying  Control  Procedure  in 
the  British  Isles,  and  all  Local  Plying  Regulations  which  are  in 
force  at  UABHAM. 

17.  The  Officer  Commanding  U.S.A.A.P.  Detachment,  UABHAM,  is 
responsible  for  ensuring,  in  cooperation  with  the  Commandant,  Cen- 
tral Bomber  Establishment,  MARHAM,  that  United  States  Army  Air 
Parcs  Crews  are  fully  conversant  with  Plying  Control  Procedure  and 
Local  Plying  Regulations . 

18.  The  Programme  of  Dropping  is  given  at  Appsndlx  "A",  and  ie 
to  be  strictly  follewed.  The  operating  height  for  the  Trials  as 
given  in  Appendix  "A"  is  to  be  strictly  observed.  Divergencies 
from  the  programme  will  be  sanctioned  by  Headquarters,  BOMBER  CQU- 
MAM>,  if  required. 

Operational  Control  and  Procedure . 

19.  Headquarters,  BOMBER  COMMAND  (Command  Armament  Officer)  - 
Telephone  Extension  297  - mill  be  the  coordinating  authority  for 
these  Trials  and  will  inform  the  Deputy  Director,  Armament  Develop- 
ment (Bombs)  - Ministry  of  Aireraft  Production,  when  a strike  has 
been  obtained  on  either  Target. 

20.  The  Deputy  Director  Armament  Development  (Bcmbs)  will  then 
arrange  for  the  Assessors  to  be  asjembled  and  transported  to  the 
Targets,  and  mill  inform  Headquarters,  BOMBER  COMMAND,  of  the 

/ number  of 
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number  of  Assessors,  and  their  expected  time  of  arrival  at  BREMEN 
Air f I aid  (R.40)  in  ordar  that  tha  Offioar  Commanding  Range  Party  at 
FARGE  may  aaka  arrangements  for  thair  accomodation , ate. 

21.  Whenever  a atrika  (or  strikes)  haa  baan  obtain ad,  there 
will  be  a temporary  auepenaion  of  bombing  for  at  laaat  24  boor a in 
tha  caaa  of  FAROE  and  48  hour  a in  tha  caae  of  HELIGOLAND,  for  tibe 
purpose*  of  assessment. 

Headquarters,  BOMBER  COMMAND  will  advise  MILDXtfiALL  and 
MARHAM  whan  aircraft  should  Stand  Down. 

22.  Tha  Officer  Commanding  R.A.F.  Station,  MILDENHALL  is  re- 
sponsible fon- 
ts) Tha  coordination  of  tha  Flying  Programme  for  tha  Trials. 

This  requires  close  liaison  and  cooperation  with  tha  Officer  Com- 
manding tha  United  States  Army  Air  Force  Detachment  at  MARHAM,  and 
will  include  the  allocation  of  the  FAROE  Target  between  aircraft  of 
No.  15  Squadron  and  the  United  States  Army  Air  Pore*  Detach* ant 
aircraft  from  MARHAM. 

(b)  Drawing  up  the  Daily  Bombing  Programme  in  cooperation 
with  tha  Offioar  Cone  anding  United  States  Army  Air  Foroe  Detachment, 
MARHAM,  and  making  detailed  arrangements  direct  with  the  Officer 
Commanding  Range  Party  at  FAROE. 

23.  (a)  The  Officer  Commanding  R.A.F.  Station  M1LDEMHALL  is  re- 
sponsible for  the  briefing  of  crewa  of  No.  15  Squadron. 

(b)  Tha  Offioar  Commanding  United  States  Army  Air  Forces 
Detachment,  MARHAM,  is  rssponsiblt  for  the  briefing  of  United 
States  Army  Air  Fores  ertws. 

24*  The  number  of  Special  Bombs  available  is  limited  and  there- 
* fore  they  should  be  Jettisoned  only  in  amergsney. 

to  be  dropped  WITHOUT  detonators,  but  in  the 
2000-lb  S.A.P.  Bombs,  the  appropriate  Pistol 
fitted. 

aircraft  carrying  more  then  one  Bomb  is  te 
of  the  complete  load  even  if  the  Target  is 

struok  by 

6l 


25.  All  Boobs  are 
cases  of  the  M.C.  and 
and/or  Fuse  arc  to  be 

26.  An  Individual 
complete  the  dropping 
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struck  by  an  early  boob.  Should  a ascend  aircraft  bs  airborns  in 
the  vicinity  of  the  Target,  #ien  the  first  aircraft  obtains  a 
strike,  it  is  also  to  oontinue  bombing. 

ADMINISTRATION 

ItXi  attl  Special  Vehicles. 

27.  Headquarters,  BOMB©  COMMAND,  sill  arrange  for  one  10-Ton 
Crane,  special  trolleys,  and  the  necessary  lorries  and  trailers, 
for  the  conveyance  of  the  bombs  at  MARHAM. 

28.  The  United  States  Authorities  are  arranging  for  thy  provi- 
sion of  necessary  M.T.  vehicles  for  the  use  of  U.S.A.A.F.  personnel 
ehile  stationed  at  R.A.F.  Station,  MARHAM. 

iQQoanodatlon  and  Messing,  United  States  Army  Air  Force. 

29.  The  Commandant,  Central  Boober  Establishment , MARHAM,  is  to 
be  responsible  for j - 

(1)  Providing  accomodation  and  Messing  for  meagre  of  the 
United  States  Amy  Air  Force  Detachment  at  MARHAM. 

(it)  Providing  facilities  and  Technical  accomodation  for  the 
use  of  the  United  States  A ray  Air  Force  Detachments 

Supply  of  Special  Bombs. 

30.  The  Director  of  Armament  Research  and  Develop sent  is  re- 
sponsible for  the  oupply  of  Special  Bomb*  required  for  the  Trials. 
Each  boat  will  bear  a special  marking  e.g.  "PROC  Q.330A",  and  also 
a Serial  Number. 

31.  The  Special  Bombs  are  to  be  delivered  to  R.A.F.  Stations 
WIDBHALL  and  MARHAM  in  accordance  with  the  allocation  of  Trials 
as  given  in  paragraph  3 sob  paras  (a)  and  (b)  above. 

loading  of  Aircraft. 

32.  The  Officer  Commanding  United  States  Army  Air  Foroe  De- 
tachment MARHAM  is  responsible  for  the  loading  of  hie  aircraft  at 
MARHAM. 


COMMUNICATIONS . 
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/ Transport  of 


Transport  of  A«Mior«. 


33.  Tbs  Dsputy  Director  of  Araaaent  Development  (Boobs) , Min- 
istry of  Aircraft  Production*  is  responsible  for  collecting  Ass- 
essors as  necessary,  and  for  arranging  their  transportation  to  and 
froa  the  Targets  when  required. 

Telephone  and  Teleprinter  Facilities. 

34.  A special  speech  circuit  is  to  be  provided  between  the 
Operations  Boca  at  M1LDENHALL  and  the  Office  of  the  Officer  Coaasnd- 
ing  United  States  Amy  Air  Force  Detachaent,  at  BARHAM.  Private 
wire  telephone  circuits  already  exist  between  Headquarters,  Mo.  3 
Group  (NENMARKET)  on  the  one  hand,  and  HILDENHALL,  MARHAM  and  Head- 
quarters, BOMBER  COMMAND,  on  the  other. 

35.  Teleprinter  circuits  are  in  operation  between  Headquarters, 
No.  3 Group  (MENMARKCT)  on  the  one  hand,  and  MILDE8HALL,  MARRAM  and 
Headquarters,  BOMBER  COMMAND,  on  the  other. 

Point  to  Point. 

36.  W/T  cosmuni  cation  is  to  be  provided  between  MUDENHALL,  MAR- 
RAM and  FAROE,  signals  control  being  exercised  by  MILDSHALL.  This 
circuit  is  to  be  aonitored  by  Headquarters,  BOMBER  COMMAND. 

Only  "Unclassified”  aessages  aay  be  sent  by  this  channel . 

No  de-coding  facilities  exist  at  FARO. 

Aircraft  Control. 

37.  W/T  communication  between  ground  and  aircraft  is  to  be 
provided  by  transmitting  and  receiving  equipaent  operated  fro* 
Headquarters,  No.  3 Group,  (NSMMARKST).  This  Station  is  to  be  in 
teleprinter  contact  with  MILD ENK ALL  and  MARHAM. 

38.  A single  V.H.F.  R/T  ohannel  is  to  be  provided  to  afford 
coammi cation  between  aircraft,  and  between  the  Range  Control 
Officer  at  FAROE  and  aircraft.  The  Spotting  aircraft  is  to  also  use 
this  channsl. 

Fir in  Control. 

39.  Caaaunioaticns  Instruction*  will  bs  issued  later  on  the  sub- 
ject of  Flying  Control. 

40.  There  will  be  no  ground  coomurdoations  facilities  at 

/ HELIGOLAND. 
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hrliooland. 

41*  Detail*  #f  f requeued**,  callaigna,  •— rgency  fociliti#*,  «to. 
will  be  found  in  Benbor  Co— and  Signal*  Stuff  Inst  met  ion  Mo.  31 
(attaohod). 

Mtt  At ay  Air  Fore*  Potach—nt . 

42.  Tho  Ca— and—t,  Control  Baabor  R*tabli*hnent , MABHAM,  lo  to 
looao  Signals  Publication*  to  Offioor  Co— ending  tho  United  States 

A ray  Air  Poreo  Detaduunt,  ic  accordance  with  Boabor  Co— and  Signal* 
Staff  Inet ruction  Mo.  31,  para.  22. 

43.  Tho  Co— aadant,  Control  Boabor  Botablichaont , MARHAM,  lu  to 
aooiat  tho  United  State*  Amy  Air  Foroo  Ootachaont  in  cryatalialng 
their  oo— unieatlon*  oquipaont  on  ofaaimala  peculiar  to  tho  K.A.F. 
organisation . 


REPOSTS. 


44.  Offioor  Cn— ending  R.A.P.  Station,  MILDia&ALL,  is  to  forward 
a Report  to  Headquarter*,  BOffiSS  CtKUAkD,  when  a Hit  Xu  registered 

by  aircraft  of  Mo.  1$  Sqaadrvu.  The  Report  is  to  bo  in  triplicate  and 
contain  tho  following  lnfurmtiom- 

Aorial  Kuaber  muI  Typ#  of  Boub. 

Height  of^Snloaoo. 

Ground  Spa ed  sot  In  Boab  a ight. 

True  Air  od. 

Mind  Toioeity. 

Q.F.F. 

Air  Forgo  flotooh— at. 

45.  Offioor  C— adag  United  States  Amy  Air  Foroo  Dotaohnont 
will  forward  a &sj *art  to  Headquarter* , UQAiBRK  CCHMAMD,  wboaovor  a 
Hit  in  registered  by  aircraft  of  the  United  Staton  Away  Air  Foroo 
Dctaoh—ofc.  The  Re  pari  in  to  b«  in  triplicate,  and  contain  tho 
following  information!- 

Aerial  Bnwfror  and  Typ#  of  Beau*. 

Height  of  Release. 

Ground  flatted  *vt  ia  femb  Sight. 

True  Air  Speed. 

Hod  Telocity. 

C.F.F. 
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/ Baofcor  Co— and. 


fcafag  fiflflMfl 


46.  A Report  on  the  conduct  of  th«  Trial*  will  ba  prepared  by 
tba  Ca— and  Ar— nt  Off! car,  Headquarter* , BCUBIB  COMtAND. 


47.  lepert*  00  tba  af facta  of  tba  latpact  of  bo«b*,  behaviour  of 
filling*,  ooaponantc,  oto„  will  ba  prepared  by  tba  Chiaf  duperin- 
t and  ant  Amajaant  Raaaarob,  in  collaboration  with  tba  other  Aaaaaaara. 

Am££k,.fcttepj:iteg ,* 

46.  lUporto  on  tba  penetration  and  affacta  of  tho  various  boobs 
on  tba  Target  structures  will  ba  pro  par  ad  by  tba  Road  Eaeaarob  Lab- 
oratory in  cooperation  with  tba  Anti -Generate  Co— it  tee. 

sess&atilw.  sL  Jteeate  • 

49.  Tie  above  la  port  a will  ba  forwarded  to  tba  Director  Anuraeat 
weaoaroo  atm  ^avalapaont,  Ministry  of  Aircraft  Production,  for  eal- 
lation  aod  anw&rd  tranaaiwaion  to  tba  spouori as  autboritiaa. 

$0.  ACKHKLIDQ2. 


BC/S.32104/S/AWT. 
5th  March.  194b. 
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5th  March ,1946. 


maaagnas  visi- 


Headquarters,  B.A.P.O. 

IMbtf  Coaaanrt  Liaison  Officer,  B.A.F.O. 
O.C.  Ku<i  Party,  PABGK. 

British  Moral  C-in-C,  (H8MAMT. 

FI mg  Officer,  Northern  QBBIAMI. 

Flag  Officer,  lactam  ODBIABT. 

M.O.I.C.  WILHUMflHAVSH. 

If .0.1. C.  CU2HAVBN. 

M.O.I.C.  Bum. 

Headquarters,  Mo.  3 Gr~up. 

O.C.  S.A.F.  Station,  MILDMJHALL. 

O.C.  Mo.  13  Squadron,  R.A.F. 

O.C.  S.A.F.  Statists,  KASHAS. 

Cn— nrlsnt,  Control  Boafcor  Istahl  1 ahwont . 
Colonel  0.  G.  SAMIS,  U. 3.  A.  A.F.  (attached 

kabham. 

Colonel  FfiAKX  RZED,  U.S.A.A.F. (Bepre- 
oontatiro  witM  Ordnance  Board). 

Colonel  A.  t.  CIS,  U.S.A.A.F. 

Squadron  Loader  A.  J.  MOODY,  S.A.F. 

Flight  Lieutenant  C.  H.  VICKS,  S.A.F. 
Secretory  Ordaanoo  Board. 

Chief  Softnoor  Amaaont  Design,  POSY 
HALSTBAD. 

Chief  Superintendent  Amaaont  Beeoereh. 
Boorotary  Anti-Concrete  Cenaittoo. 
Director  Amaaont  Beeearoh  k Development, 
Ministry  of  Aircraft  Pradaotloa. 
S.O.(A)C.S.D.,Ministry  of  Alroraft 
Production. 

Bopety  Dirootor  Amaaont  Dot  ala  pa  ant 
(Baafeo),  Miniatry  of  Aircraft  Prodaetion. 


Mo.  of  Copies. 

1.  1 Copy  Blgo  Inatr. 

1. 

4.  1 Copy  31 ga  Inotr. 

1. 

1. 

1. 

1. 

1. 

1. 

2.  Z Copioc  Siga  Inotr. 

2 . 2 Copioc  oig»  lu.  w' . 

2.  1 Copy  Siga  Inatr. 

3.  3 Copioc  Siga  Inatr, 

1.  1 Copy  31 (a  Inatr. 

6.  6 Copioa  Sife  Inatr. 

4. 

2. 

1.  )Liaiaon 

1.  )0f floors 

2. 

2. 

2. 

2. 

1.  • 

1. 

3. 


Laboratory  2. 

Dirootor,  General  Amaaont , Air  Miniatry.  1. 

Director,  Benhor  Operations,  Air 
Ministry  2. 

Sifoala  Plana  (2),  Air  Miniatry  2.  1 Copy  Siga  Inatr. 


/ XSTSBKAL. 


Zaoloawo  2,  page  14  66 


I 


t 


HmgHAL. 

.QfJkPlM. 

C-in-C. 

1. 

1 Copy  Sif6  Inatr. 

A.O.A. 

1. 

S.A.S.O. 

. 1. 

1 C&py  Sig*  Inatr. 

C.  AHM  0. 

2. 

1 Copy  Siga  Inatr. 

C • S • 0 • 

2. 

C.  MAV.O. 

1. 

1 Copy  Slg*  Inatr. 

0/C.  FLAMS. 

1. 

1 Copy  Slgc  Inatr. 

G/C.  OPS. 

2. 

I Copy  Bigs  Inatr. 

S.F.C.O. 

1. 

1 Copy  Slga  Inatr. 

Slgc  Plana  (H.Q.B.C.) 

2. 

1 Copy  fiiga  Instr. 

C.  Mot.O. 

1. 

1 Copy  &iga  Ineti . 

Fila  BC/S.3120iii/5/A2JCf. 

1. 

1 Copy  3iga  Inair. 

Sp&roa. 

12. 

0>  . w «*. 

I 

I 

i 


i 

i 

j 

i 

i 

i 

i 

i 


! 

c ‘ 


i 


i 
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m.  45-00-1*  CP/K*  I H.E.3.  | TO  AS  FOR  TPlAi.  XX.  UOC  AS  FOB  TSIAL  U.  I AS  FUC  DUAL  II. 


exception  «•  under:-- 


1 Wing  Co— andar  (Tech  Arm). 

1 Plight  Sergeant,  Araourer. 

1 Sergeant,  A.C.K. 

1 Corporal,  A.C.H> 

4 A.C.H.a 

2 Viralaas  Operator  Mechanics. 

2 Drivers,  M.T. 

1 Fitter,  M.T. 

1 A.C.  Photographar. 

1 A.C.  Cook. 

ACCCMM3DATIOM. 

Accomodation  ia  to  ba  arrangad  by  tha  Officer  Co— ending 
the  Mange  Party,  through  the  Town  Major,  PARCS. 

MOTOR  TRAMSPOMT. 

Under  arrang— ante  aade  by  tha  Miniatry  of  Aircraft  Product- 
ion tha  Manga  Party  ia  allotted  tha  following  actor  transport i - 

1 Staff  Car  or  Utility. 

1 30-cwt  Lorry. 

1 Jaap,  or  15-cwt  Lorry. 

Tha  Officer  Comanding  tha  Manga  Party  and  tha  Manga  Control 
Officer  ia  Ung  Comander  I.  H.  OAHHER. 
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1.  The  Target  ie  a "U"-BOAT  A3SEMBLY  SHELTER  at  FAROE,  situated 

on  the  Hirer  WE8ER,  fourteen  miles  North  West  of  BREMEN.  The  Target 
ia  at  sea  lerel. 


2.  The  Danger  Area  provided  is  500  yards  radius,  and  a circular 
aiming  point  will  be  laid  out  100  yards  froa  the  Southern  end  of  the 
Target,  which  measures  approximately  450  yard j x 100  yards.  Owing  to 
the  proximity  of  a road  and  habitations  on  the  North  and  East  sides 

of  the  Target  attacks  are  MOT  to  be  made  between  headings  of  30°  - 
130°(True). 

3.  A Photograph  of  the  Target,  showing  the  aiming  point,  the 
500  yards  Danger  Area  and  the  Dead  Sector  of  30°-130°  is  attached. 


RANGE  ORDERS. 

4.  Briefing. 

Prior  to  each  exercise,  the  crews  concerned  are  to  be  brief- 
ed by  the  Specialist  Bombing  Officer  and  Bombing  Leader.  The  brief- 
ing is  to  include  a summary  and  explanation  of  the  Target,  together 
with  details  of  the  specified  exercises  to  bs  carried  oat.  The  Bomb 
Aimer  is  to  bs  in  possession  of  all  exercise  details  including  the 
serial  number  of  the  store  carried,  and  the  bombing  height  and  track 
is  also  to  be  given. 


5.  goediog  Signals. 


Standard  Bombing  Signals  will  be  situated  600-800  yards 
North  Vast  of  the  aiming  point.  These  will  consist  of  an  80  ft 
arrow  complete  with  two  discs,  the  arrow  being  directed  towards  the 
Target.  Detail  etripa  at  the  baas  of  the  arrow  will  not  ba  provided. 
These  Signals  will  be  as  follows i- 


(s)  Ground  to  Air  Signals. 


iCto* 


All  Clear  for  Boobing  - 
carry  on. 


Bait  for  a further  Signal 
do  not  bomb. 


Cease 

Bombxng  - 
Go  Homs. 

/ (b)  Ground  to 
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(b)  Ground  to  Air  Raerianoy  Signal. 

A amoks  generator  will  be  ignited  whenever  it  may  b«  nec- 
11M17  to  call  Attention  to  the  aircraft  to  a chang*  in  slgnds  (thia 
■ay  ba  necessary  in  An  emergency). 

(0)  Radio  Talaphony  Qoamunl cations . 

Tho  aircraft  ato  to  kaap  in  constant  touch  with  tha  Range 
Control  Officer  by  Radio  Telephony.  Standard  Procedure  aa  laid  down 
in  current  inatructiona  ia  to  be  u‘#d . 

Panaer  Ar  ea  - FARCB. 

6.  Tho  Danger  Area,  a circle  of  $00  yarda  radius,  ia  to  be 

bounded  by  RB)  flage,  and  dearly  narked  with  Bi-lingual  notices  stat- 
ing that  when  the  Red  flats  are  flying  fro*  the  Target,  and  in  the 
vicinity  of  the  notioea,  entry  into  the  Area  is  forbidden.  Sirens 
will  be  sounded  as  a warning  for  personnel  to  leave  the  area  immed- 
iately  information  ia  received  that  an  attack  will  be  made.  The  re- 
sponsibility for  providing  the  notice  boards  will  lie  with  the  Chief 
of  Polioe,  BRAUN,  and  he  will  provide  Polloe  Patrols  to  patrol  the 
perimeter  of  the  area  and  raise  the  Red  Flags  as  required. 

Arrangements  for  the  control  of  river  traffic  during  bombing 
will  be  made  by  the  Naval  Operations  Staff,  BRBUN  Port  Comesnd,  who 
will  inform  all  persons  using  the  River  that  they  must  keep  outside 
Danger  Area  when  Rad  Flags  are  flying  from  the  Target. 

frtmttqni- 

(a)  Lancaster  Bomb  Doors  are  not  to  be  opened  until  approaching 
the  Target  on  the  bombing  run. 

(b)  Bomb  Doors  are  to  be  dosed,  and  the  sdeotor  switch  put  to 
"off"  immediately  each  bomb  has  been  released. 

(o)  Special  orders  regarding  the  fusing  of  ths  stores  to  bs 
released  will  bs  Issued  ceperstely,  and  will  be  oonvwyed  to  the  erewo 
et  briefing. 

(d)  In  the  event  of  failure  to  release,  ths  Range  Control  Of fl- 
oor is  to  be  contacted  by  R/T  before  attempts  are  made  to  jettison 
ths  store.  Due  to  the  apeoid  nature  of  the  stores  carried  and  the 
difflodty  for  provisioning,  jettisoning  action  should  be  taken  only 
as  an  emergenoy  measure,  and  only  in  the  specid  areas  as  given  to 
the  orewa  at  briefing. 
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/(e)  The  Officer 


(•)  *bs  Off ioer  Co— mding  tbs  United  State*  krvy  Air  Force 
Detaohaent  at  MkEHUl  will  bs  responsible  that  bis  aircrews  are  adeq— 
oatsly  briefed  in  respeot  of  safety  precautions  is  respeot  of  Fortress 
and  Soper  Fortress  aircraft. 
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APPENDIX  "D*. 

HELIGOLAND. 

TARQBT  DATA  AND  RANGE  ORDERS . 

TARGET  DATA. 

1 • The  Target  is  tha  "U*  -float  Shelter  at  HELIGOLAND.  This 

Shelter  la  situated  on  tha  South  Eaat  oornar  of  tha  Island  of 
HELIGOLAND.  Tha  target  la  at  aaa  level,  and  will  not  ba  tzarkod  with 
any  apaoifio  aiming  point*  The  Target 'a  dimensions  are  1*85  ft  x 300 
ft. 

A Photograph  of  tha  Target  la  attaohed. 

RANGE  ORDERS. 

2.  The  H.O.I.C  CUXHAYEN,  has  arranged  for  tha  Target  Area  to 

ba  olaarad  on  one  week's  notice*  This  not is*  will  be  given  by  Head- 
quarters, BOMBER  COMMAND,  and  tha  units  ootoeerned  can  operate  after 
tha  one  week's  tine  limit  has  expired,  without  any  prior  warning,  and 
whenever  conditions  ore  suitable.  As  the  Island  and  surrounding  area 
will  be  evaouated,  no  bombing  signals  will  be  displayed,  and  aircraft 
are  to  release  their  bombs  without  tuny  signals  from  the  ground. 

briefing* 

3*  Prior  to  eaoh  exeroiee,  tha  orews  concerned  are  to  ba  brief- 

ed by  the  Specialist  Bombing  Officer  and  Bombing  Leader*  The  brief- 
ing is  to  inolude  a summary  and  axplanatlon  of  tha  Target*  together 
with  details  of  tha  specified  exeroises  to  bs  carried  out.  The  Air 
Bomber  is  to  be  in  possession  of  all  axarolaa  details  including  tha 
■srial  numbers  of  tha  stores  carried,  ths  bombing  height  end  track  is 
also  to  bs  given. 

Spotting  Aircraft . 

1*.  (bring  to  the  probability  that  Strikes  on  ths  Target  will  not 

be  observed  by  the  bashing  aircraft  flying  at  20,000  ft,  or  above, 
ths  Offiosr  Commanding  ths  United  States  Army  Mr  Foroe  Detachment, 
MARHAM,  will  detail  s second  Fortress,  or  Super  Fortress  aircraft 
for  spotting  duties. 

The  Spotting  aircraft  will  proossd  to  the  Target  ares  in 
company  with  ths  Bombing  aircraft , but  at  s lower  level.  The  Bombing 
aircraft  will  keap  in  touch  with  the  Spotting  alroraft  by  Radio 
Telephony  oo  that  the  latter  oan  position  itself  so  as  to  see  where 

-1-  / the  bombs 

76 


1 


1 


Inolosure  2,  page  22* 


C 


the  boat*  strike  after  they  have  been  released,  &od  tike  neoeeeary 
photographs • 

The  Spotting  airoraft  la  not  to  fly  within  2.000  yard*  of 
the  Target  or  at  a height  of  lose  than  3*000  feet. 

Oblique  photograph*  of  the  point  of  iapaot  ehould,  if  pos- 
sible, be  taken  by  the  Spotting  airoraft* 

Comunioation*  • 


3*  In  addition  to  Radio  telephonic  ooamiaioatlon  to  be  estab- 
lished between  the  Bombing  and  Spotting  airoraft,  as  outlined  in 
para*  4 above,  both  the  Boab  dropping  airoraft  and  the  Spotting 
airoraft  ai*  to  aair+ain  W/t  ooawuaioatioa  with  Headquarters,  lo*  3 
Group,  HSmaXST. 

iafety  Preoautione* 

6*  (a)  The  Captain  of  the  Boabing  airoraft  is  responsible  that  no 

Boats  are  released  if  ships  or  boats  are  within  500  yards  of  the 
Target* 

(b)  In  the  event  of  *hang-upa*.  Boobs  are  to  be  jettisoned  la 
the  sea,  if  the  Captain  of  the  Boabing  airoraft  considers  It 
neseesary.  In  view,  however,  of  the  limited  nuaber  of  Special  Boabs 
a callable,  the  Jettisoning  of  boabe  lc  only  to  be  undertaken  as  and 
emergency  aeaeure. 


-2- 
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MBPQMS1BH.ITIK  OF  THE  OPPICP  CCMA».tJC  RMCS  PARTY  - PARCS. 

The  Officer  Co— ending  Song*  Party  PABGB  will  bs  responsible 
for  the  following:  - 

1.  Administration  of  the  Banjo  Party. 

2.  Liaison  with  Looal  Allied  formations,  and,  whore  necessary, 
tho  aril  iuthoritloa  in  BB8MBK. 

3.  Safety  arrange— nta  in  the  Danger  Area  at  PABC2. 

4.  Coordinating  arrange— nta  for  the  inspection  and  narking  of 
tho  Target  at  HKLIQ0LA1D,  and  waking  arrange— nta  with  tho  Naval  Auth- 
orities for  tho  transportation  of  the  Aeaessors  and  Bangs  personnel  by 
ooa  to  and  fro*  HILIGQLaSD,  a a required. 

5.  Informing  MT,,T"ltn  and  KABBAH  felly,  at  a time  to  bo  mut- 
ually agreed,  of  tho  weather  oonditiana  avar  tho  Target  araaa,  and 
stating  mhethsr  the  Bombing  Program—  is  to  continue. 

6.  Informing  ttaadqaartara,  IBHB  flOMBAff)  direct  of  any  prop- 
oeod  change  in  tho  program—  felefc  any  appear  deairablo,  or  neces- 
sary, as  the  Triala  proceed. 

7.  Informing  headquarter*,  WUHBr  CfSfflUM),  by  9t/T  (repeating  to 
HTt-ny— f and  Maawau)  the  bombing  rooulto  aa  scan  aa  possible 
after  aach  sertla.  fee— war  paaaihle  a preliminary  lapert  ahoald  be 
glvam  by  l/T  to  the  aircraft  while  oner  the  F4&G1  Target.  Snamr  a 
Strike  la  confirmed,  he  will  inform  WliMBKAIJ.  and  HA1SMAM  Inmodfataly 
by  M/1  in  ordar  to  prevent  edogoquarst  aircraft  becoming  airborne. 

8.  Plotting;  each  Strike  on  the  Target,  to  facilitate  the  oomr- 
dination  of  result  *. 

9.  The  groan d control  «i  aircraft  wham  over  the  Thrgat  at  PABQS. 

10.  Arranging  far  Bomb  Dispoeal  personnel  to  be  available  at 
PABQX  to  deal  with  bembe  dropped  mlth  live  fusee. 
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1.  GENERAL: 

a.  j^nctlor  of  Structure. — The  huge  reinforced  concrete 
structure  at  FariPe,  "Germany known  by  the  code  name  of  VALENTIN,  was 
designed  as  a DomDoroo^  factory  for  the  assembly  of  lSOO-ton  Type  XXI 
submarines.  Started  in  March  lc43,  the  structure  was  only  00  per  cent 
completed  at  war's  end,  and  production  of  submarines  was  never  begun. 

The  Nazis  intended  to  ship  prefabricated  submarine  sections  by  rail 

and  by  barge  to  VALENTIN  from  various  points  in  Germany,  and  to  assemble 
them  complete  and  ready  for  operation  at  the  rate  of  14  a month.  Sub- 
marines were  to  have  been  launched  into  the  Weser  River  through  a 
special  lock  chamber  incorporated  into  the  building. 

b.  Dimensions. — The  building  measures  14CC  feet  in  lei^rth 
and  is  318  feet  wide  at  the  river  tad,  26b  feet  wide  at  the  middle, 
and  220  feet  wide  at  the  opposite  end.  The  height  is  74  feet  tc  the 
top  of  the  first  roof  thickness,  and  82  feet  where  the  second  roof 
thickness  had  been  completed.  Approximately  40  oer  cent  of  the  second 
roof  layer  had  been  added,  principally  over  the  narrower  Eastern  por- 
tion. To  provide  headroom  for  testing  of  periscopes  and  air  tubes, 
two  towers  projectirg  above  the  roof  had  been  constructed  on  the  North 
side  of  the  building  over  assembly  stations  11  and  12  (see  page  15). 

This  plant  incloses  a space  of  approximately  1,400,000  cubic  yards, 
requiring  the  pouring  of  some  650,000  cubic  yards  of  concrete. 

c.  Assembly  Line. — Barges  were  intended  to  enter  the  struc- 
ture through  a water  entrance  at  the  North  end  of  the  West  wall.  A 
200-ton  crane  would  pick  up  a section  and  place  it  on  a bogey  on  a 
turn  table.  The  bogey  would  then  move  on  a track  running  into  the  South 
bay  to  another  turntable  where  another  crane  would  unload  the  section 
and  place  it  in  a storage  space  along  the  South  wall.  The  bogey  would 
then  turn  left  and  proceed  up  the  South  bay,  When  a train  of  eight 
empty  bogeys  had  accumulated,  the  crane  would  select  eight  appropriate 
sections  to  make  up  a complete  submarine.  The  train  would  then  move 
up  the  South  bay  to  assembly  station*  1,  2,  and  3.  where  mounting  of 
keel  and  straightening  of  sections  would  take  place.  At  station  3* 
the  train  would  move  laterally  on  a transfer  track  tc  station  4,  where 
welding  of  sections  would  start.  Tits  train  proceeds  to  stations  5*  6, 

7,  end  8 to  complete  the  weldii^  operations.  At  station  9 the  batteries 
are  installed.  Another  lateral  movement  brings  the  submarine  to  station 
10,  where  mounting  of  the  periscope  and  air  tuba  ie  accomplished.  At 
stations  11  and  12  the  supplying  and  equippdrg  of  the  submarine  takes 
place.  At  station  12  the  submarine  is  in  the  upper  level  of  the  lock 
chamber.  The  gates  are  closed  and  the  water  level  is  raised  until  the 
submarine  is  floated.  It  is  then  moved  laterally  to  station  13  over 
the  deeper  section  of  the  lock  chamber v where  diving  tests  are  con- 
ducted. The  water  level  is  then  lowered  to  the  level  of  the  river. 

and  the  gates  are  opened  to  allow  the  submarine  to  float  out  into  tbs 
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river.  The  empty  bogey*  are  run  exit  of  the  lock  chamber  ready  for 
another  trip.  Section*  cooing  to  VALENTIN  by  rail  would  enter  the 
building  through  an  openirg  in  the  South  wall  near  the  West  end.  Other 
opening*  near  the  Scut  end  were  to  be  u*ed  for  entrance  of  supplies. 

2.  rOUiPATIO?: 

Walla  and  partition*  are  supported  on  monolithic  concrete 
foundation*  extendir^  to  a depth  of  55  feet  at  the  lock  chamber,  and 
to  leaser  depth*  elsewhere.  The  bearing  surface  was  dimensioned  to 
transmit  a pressure  of  eight  tons  per  square  foot  to  the  subsoil. 

2 age  5 shows  views  of  foundation  construction. 

3.  WALLS: 

The  outer  walls  were  cast  in  blocks  normally  $7  feet  long  and 
l4'  9H  thick.  'Brunswick  Rairf or cement'  with  a percentage  of  30  kilo- 
grams of  steel  bars  to  one  cubic  meter  of  concrete  (1.85  lb.  per  cu. 
ft.)  was  used.  It  was  Intended  to  increase  the  wall  thickness  to  23 
feet,  and  one  small  section  of  the  North  wall  near  the  East  end  had  been 
Increased  to  this  thickness.  Page  6 shows  views  of  the  walls  during 
construction.  Recesses  at  intervals  along  the  outer  walls  were  the 
unfinished  portions  of  ventilating  shafts.  Provision  was  to  be  made 
for  complete  chex^e  of  air  every  40  minutes.  In  the  winter  the  air 
wes  to  be  heated  to  25  degrees  Centigrade. 

4.  ROCS’: 


Roof  construction  was  of  /our  types,  the  principal  one  consist- 
ing of  prestressed  reinforced  concrete  arch  trusses  or  bowstrirg  girders 
(See  page  7-8) . These  were  cast  on  a site  adjacent  to  the  building, 

■¥r  lifted  to  th»  roof  and  placed  aide-by-side  with  lower  chords  in  contact. 
These  trusses  were  100  feet  in  length  and  l4  feet  9 inches  in  height 
st  the  center  of  the  arch  There  a tv  seven  vertical  concrete  ribs  with 
diagonal  braces  consisting  • * steel  bars  with  turnbuckles.  The  lower 
chord,  three  feet  wide  at  th*-  ’-see,  contains  s total  ctf  104  steel  rods 
10  millimeters  In  diameter  prestressed  to  95 >000  pounds  per  square  inch. 
Upon  setting  of  th*  concrete  the  tension  is  released  and  the  stress 
drops  to  60,000  pounds  per  square  inch  resulting  in  s prectressirg  of 
the  concrete  in  the  lower  chord  to  2,500  pounds  compression  per  square 
inch.  The  trusses  were  originally  designed  to  support  the  weight  of 
only  l4*  £"  roof  thickness.  Since  the  roof  thickness  was  to  be  in- 
creased to  23  fret,  additional  reinforcement  was  added,  This  consisted 
cf  three  bundles  of  steel  wire  10  millimeters  in  diameter  placed  on 
each  elds  of  the  lower  chord,  running  through  holes  in  the  ends  of  the 
trusses.  These  wires,  ten  to  s bundle,  were  prestressed  and  rl safari 
in  place  by  driving  steel  cones  into  the  boles.  The  reinforcirg  steel 
used  in  these  trusses  was  a high  quality  cold  drawn  steel  known  by  the 
trade  designation  of  St  105.  It  contains  approximately  7 per  cant 
carbon,  3 per  cent  silica,  and  1„2  per  cent  manganese.  This  steal  had 
an  ultimate  tensile  strength  in  excess  of  150,000  pounds  per  square 
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inch.  The  concrete  of  the  truss  was  composed  of  special  alumina  cement 
and  had  a minimum  compressive  strength  of  500  kilograms  per  square 
centimeter  (7095  pound*  per  square  inch). 

In  the  spaces  between  trusses  steel  reinforcement  bars  of 
semi-circular  shape,  were  placed  with  enis  pointing  up  and  arcs  in  con- 
tact with  the  lower  chord.  This  reinforcing  amounted  to  25  kilograms 
of  steel  per  cubic  meter  of  concrete  (1.5  pounds  per  square  foot). 
Finally,  steel  reinforclx^;  bars  were  placed  through  transverse  holes  in 
the  lower  chords  and  concrete  was  poured  to  form  a roof  slab  l4,-9n  in 
height,  100  feet  long  and  6?  feet  wide.  The  dead  load  before  addition 
of  the  second  roof  thickness  amounted  to  6,800  pounds  per  running  foot 
of  truss.  Concrete  used  to  form  the  roof  slab  consisted  of  two  types, 
one  employing  slag  cement,  the  other  employing  Portland  cement.  The 
strength  of  the  concrete  in  the  roof  slab  was  supposed  to  be  400  kilo- 
grams per  square  centimeter  (5675  Pounds  per  square  inch),  but  because 
of  lade  of  control  of  water  content  of  the  gravel,  the  strength  after 
28  days  was  found  to  average  only  370  kg.  per  sq,  cm.  (German  concrete 
strength  measurements  are  based  on  20  centimeter  cubes,  whereas  American 
practice  is  to  use  12-inch  cylinders  of  6-inch  diameter).  Die  maximum 
aggregate  size  ranged  from  40  to  50  mm.  (1.6  to  2.0  inches),  and  the 
water-cement  ratio  was  0.50.  The  aggregate  consisted  of  river  gravel 
from  the  Rhine  and  Wsser  Rivers,  and  from  Demark.  The  main  component 
was  quartzite,  with  some  flint  and  soft  limestone  and  shale.  Fractures 
frequently  occurred  through  pieces  of  the  aggregate.  A sample  of 
concrete  is  shown  on  page  12. 

After  the  first  roof  layer  had  hardened,  a second  layer  of 
concrete  was  poured  in  blocks  over  the  las  tern  Uo  per  cent  of  the 
bulldizg.  For  drainage  of  rainwater,  the  top  surface  of  the  second 
roof  thlckneea  was  sloped  one  part  in  67  from  the  center  to  the  Barth 
and  South  sides.  This  made  the  total  roof  thickness  24-1/2  feet  at 
the  center  and  23  feet  at  the  edges. 

Starting  at  the  Best  end  of  the  bolldix^  and  eoctendlzg  for 
26 7 feet  last,  a similar  slope  had  been  added  to  the  first  roof  layer, 
asking  the  thickness  at  the  center  17  feet  and  at  the  edges  l4(-9". 

The  ^second  type  of  roof  construction  was  employed  only  diare 
the  span  between  retaining  walls  mas  approximately  one-half  that  of  the 
type  described  above.  Bure  a prefabricated  concrete  arch  truss  was  also 
used,  bat  the  design  was  elaplar  (asa  page  9).  These  trusses  were  47 
feet  long  and  l4’-98  high  at  the  center.  Dm  veto  and  upper  chord  were 
made  of  plain  concrete,  bat  the  lower  chord  had  l€  reinforcing  rode 
prestreeeed  in  the  aomte  Banner  as  for  the  large  trusses.  Concrete  was 
poured  over  these  trusses  to  make  a roof  slab  l4'-9*  high,  47  feet  long, 
and  33*— 6*  wide.  Bo  semi-circular  shaped  reinforcizg  rude  were  placed 
between  t rases*  in  this  type  of  construction. 

Tbs  third  type  of  roof,  resorted  to  when  the  supply  of  concrete 
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arch  trusses  was  insufficient,  consisted  of  steel  I-beams  two  feet 
high,  spaced  approximately  three  feet  apart,  with  precast  concrete 
slabs  six  incheE  thick  placed  between  beams  to  form  the  boerdiig  for 
the  lower  surface  of  the  roof  slab  (See  page  10).  In  the  construction 
stage,  these  beams  were  supported  by  portable  steel  columns  which  were 
moved  to  the  next  section  after  the  concrete  had  set.  Or.  the  long 
spans  (100  feet),  the  I-beams  were  made  up  of  two  SC  foot  sections 
riveted  together  at  the  center.  The  roof  slab  of  the  Vest  Periscope 
Tower  contains  I-beam  reirforcirg,  but  here  the  height  of  the  beams 
was  3*  3N.  and  the  thickness  of  the  first  roof  layer  was  only  11'  6". 
The  second  roof  thickness  over  this  portion  was  to  be  11'  6"  in  order 
to  brirg  the  total  thickness  up  to  23  feet. 

The  fourth  type  of  reinforcing  was  found  only  over  the  East 
•Periscope  Tower.  Here  riveted  steel  trusses  were  used.  (See  page  11.) 
The  height  of  this  truss  was  9'  2".  They  were  spaced  a pproxioe t ely 
three  feet  apart  with  corrugated  metal  sheets  placed  between  bottom 
chords  to  form  the  boardirg  for  the  lower  surface  of  the  roof  slab. 
Concrete  was  poured  over  the  trusses  to  form  a slab  l6'  6"  thick. 

The  second  layer  was  to  have  been  6*  6H  thick  to  make  a total  thick- 
ness of  23  feet. 

An  aerial  view  of  the  Ferge  Target,  90  per  cent  completed, 
is  shown  on  page  13.  Two  holes  through  the  roof  were  made  by  H.E. 

Grand  Slam  hits  obtained  by  the  BAF  in  a raid  of  March  1945.  These 
two  holes  are  visible  in  the  photograph.  Close-up  views  of  the  roof 
damage  caused  by  these  bombs,  which  exploded  in  the  roof,  are  shown 
on  page  14.  The  hits  occurred  on  the  section  of  the  roof  containitg 
concrete  arch  truss  reinforcement. 

rtiges  l6,  17  and  18  contain  detailed  sketches  of  the  concrete 
arch  truss,  the  short  span  concrete  girder,  and  the  steel  truss 
used  in  the  Farge  roof. 
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View  showizg  I-beam  type  of  roof  construction  in  left 
foreground , with  bowstring  girders  in  left  background 
and  at  right. 
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of  targe  concrete  aboviog  size  of  aggregate 
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IiT of  F'r«*  tar*#t-  *>*•  «*•  ••cone* 

roof  layor  axtandiag  onr  tha  far  half  of  tha 
•truotur*.  Tha  t»o  holaa  aaan  la  tha  cantor  war* 
produoad  by  H.E.  Grand  81am  drop  pad  during  tha  a»r. 
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Photograph  shoving  U 500-lb  Disney  boob  (Plot  No.  2)  lodged  in 
roof  of  target.  Bcab  «u  dropped  from  20,000  feet  without 
rocket  assist.  Upper  chord  of  s boarstring  girder  is  visible 
in  crater. 
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▼law  ahOBioc  a cabbing  of  oolliug  prodooad  by  l*50O-lb.  Dianay 
bcab  (Plot  NO.  2).  Lowar  chorda  of  thraa  bomrtrlng  girdara 
taaaa  boon  acabtod. 
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Photograph  shoving  U500-lb  Di mmy  boat  (Plot  No.  3)  lodged  in 
roof  of  target.  Bonb  vee  dropped  froa  20,000  feet  without 
rocket  assist. 
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VUv  ohawiac  tho  fropont*  rfroovwrwd  from  the  rear 
pav«&M  of  the  l£004b  Diwqr  bcrtb  (Rot  Wo.  9)  which 
*■**»  op  r*mn  droppad  tram  20,000  foot  without  rooknt 
udit. 
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now  of  orutor  of  USOSMb  DUnqr  bomb  (Plot  Wo.  9) 
fort  nwril  of  dobrii  • Soto  btM  of  bat  is  aretor* 
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Upper  view  show*  nose  separated  from  bomb  case  (Plot  Ho.  26) 
Lower  view  shows  how  nose  broke  up  due  to  internal  flaws. 

The  oark  areas  on  each  piece  represent  the  flaws,  frse  fresh 
breaks  have  beer,  covered  with  chalk  to  make  them  stand  out. 
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Upper  new  shows  crater  A U 5 03-lb  Disney  boa*  (Plot 
No*  29)  dropped  frcw  20,000  feet  without  rocket  assist 
Lower  new  shows  where  bowb  oaoe  to  rest  after  bounc- 
ing out  of  crater*  Nan  is  standing  in  crater* 
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View  • hoeing  condition  of  boob  (Plot  Ho.  29)  after 
impact.  Notice  alight  curvature  of  boob  ease. 
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Cretor  of  rocket  ooe lotori  i*5W>-lk  Weoejr  boab 

0 

(Plot  Ho.  37)  dropped  fro*  20,000  foot.  TfeLo 
boob  otrook  ot  Junction  of  four  roof  elobe. 

Boob  broke  tip  leering  nooo  oeotion  lodged  in 
ore  tor.  Brook-op  le  oioilor  to  thet  of  vnoooist- 

'' 

od  DiaDoy  boob,  Plot  Mo.  9#  otriking  ot  Junc- 

- 

l 

tion  of  four  roof  oloba. 
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Vt*w»  of  orator  of  U 500-lb.  Disnoy  bcab  (Plot  No.  59)  droj>- 
pod  fro*  80,000  foot*  Rooks t uHit  failod  to  fvnotlcn. 
Ux*r  photograph  shows  brat  condition  of  borib  etas. 


View  showing  orstsr  of  l*500-lb  Disnsy  bowb  #lot 
No.  60)  dropped  froa  20,000  feet  with  rocket 
assist*  Baas  of  boab  is  approximately  seven 
feet  below  roof  svrfsoe*  Vertical  faoe  of  adja- 
oent  reof  slab  is  seen  in  background. 
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typer  slew  chows  enter  of  U500-lb  dumjt  boob  uoot 
Mo.  60)  dropped  free  80,000  feet  with  rocket  eeeiat. 
Lower  rim  ehows  ocabbAaf  of  ceiling  prodoeed  by  this 
bowb.  Lower  eberd  of  concrete  bowstring  glider  hee 
been  deflected  downward  approodeetely  Id  inches. 
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Upper  Tiaw  •hows  crater  of  U 500-lb  Dieooy  boob  (Plot 
Mo.  80)  dropped  fro*  20,000  foot  with  rocket  aeaiet. 
Boeb  perforated  3 1/2  eeter  root  and  broke  op  on  floor 
of  b'/llding.  Lower  riew  show*  rear  half  of  boob  u it 
eae  found  in  building  after  atriking  H-twae  at  right# 
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ft m •boaing  front  half  of  Dlaaoy  boib  (Rot  Jfe.  30) 
which  broko  op  on  floor  of  bonding  nftor  perforating 
«bot  porioeopo  tooor  roof.  Upfw  oioo  ohono  front  ond 
with  aooo  brokaa  off.  Umr  oioo  sboN  drou«fo.*nti*I 
brook  ot  etbor  oad  of  front  bolf  of  boot)* 
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^ Di#a^r  bcab  (flot  Mo.  G) 
?°^*d  **>■  20,000  foot.  Rocleot  oooiot  ftllod  to 
function.  Sooo  of  boob  broke  of f duo  to  • tin 
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fie m of  orator  of  1* 500-lb.  Disney  boob  (Plot  No.  SU ) bo- 
fora  r— oaol  of  rubble.  Rocket  tube  in  orator  bears  eri- 
danca  that  rocket  assist  functioned  properly.  Intense 
heat  at  noatle  end  produces  characteristic  narking*  which 
are  clearly  visible  in  photograph.  Ind  of  ttabe  has  grey 
ash  deposit  between  two  narrow  blued  bands}  rest  of  tube 
is  blacksr>Sd o If  rocket  assist  fails  to  function  in  flight 
and  tubas  iprLt*  upon  lnpoot,  tbs  aarkinge  at  tbs  noasls 
mad  are  much  lees  proneaieed,  as  tbs  propellent  burns 
fro*  both  ends  of  tube,  far  an  ezwpls  of  burning  after 
inpact  see  Inelo«ure7  , page.  25. 
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Thom  of  root  perforation  of  U90O-lb.  Dlnoy  boob 
(Hot  Mo*  87)  droppod  fron  20,000  foot  with  rookot 
•ooiot.  Tbo  boob  pooood  through  ooilinf  botoooo 
too  boootrlaf  girders,  rtanogliu  both,  mod  ooobblng 
ft  third  girder. 
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new  of  perforation  hole  in  floor  of  WUdinc  prodooad  by 
l*500-lb,  BlMey  bonb  (not  Vo.  87)  dropped  treu  20.000 
foot  with  rocket  Mtiet.  Boab  buried  la  Mat  beneath  floor 
•fUr  performtinf  4 1/2  aotor  roof. 


136 


Incloeore  7»  27 


„ v-  .--v  •*  A» JK-* 


Oppsr  Yi sw  show*  crater  of  2t500-lb.  nine 7 boob  (Plot 
No.  09)  dropped  with  rocket  assist  fros  20,OOC  fast. 
Scab  perforated  U l/2  aster  roof  sad  lodged  in  floor 
of  building,  breaking  into  two  places  as  shown  below. 
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Upper  new  snow*  ere  ter  of  2000-1*.  SAP  honh  \Plot 
BoVUj)  dropped  fron  26,250  Bob*  ricocheted 

off  roof  to  ground.  Lower  Tie*  ehowe  Bob*  intact 
hut  dented  near  rear  lug. 
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Ofcper  view  show*  crater  of  200Q-lb.  SAP  bcsab  (Plot 
So.  73)  dropped  from  20,000  feet.  Crater  overlap* 
old  Tall  Boy  crater.  Lower  view  shows  bomb  after 
ricocheting  *40  feet. 
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▼l«v  of  o rotor  of  2000-lb.  8 AT  boat  (riot  Bo.  78) 
drojpod  from  20,000  foot.  Boat  broko  cp  and  rieoohotod. 
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Viewi  of  crater  and  note  eectlon  of  22,000-lb.  T l4 
boab  (Plot  No.  4)  dropped  fron  20,000  feet.  Boab 
aide  swiped  vertical  face  of  second  roof  layer. 
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Vi*w*  of  concrete  displaced  by  22,000-lb 
bonb  (Hot  No.  4)  which  etruck  at  bate  o 
•lab  of  eecond  roof  layer. 
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Tlov  of  orator  of  22,000-lb«  f lU  boab  (Hot. So.  JO) 
dropped  from  20,000  foot.  Boob  atruok  olooo  to  voot 
odfo  of  bull  line  and  broke  up. 


Inclooure  f,  4l 


19) 


▼i*v  of  rocororod  fnpw&ti  of  22,000-1*.  9 \K 
*oab  (not  Xo.  y>),  Vooo  eoction  lo  mob  at 
lovor  rl^bt. 
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Upp«r  »i«  thwa  base  plat*  and  ring  of  22,000-lb.  T 14 
boob  (Plot  So.  Jl )•  Pingor  points  to  groov*  vhor*  ring 
bad  boon  voldod  to  boob  body.  Lowor  vlov  ohovt  fr agpaant 
wbleb  fits  Into  groovo  of  bao*  ring.  Soto  voiding 
■atorlal  partly  otrlppod  off  of  fragnont. 
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Oppsr  rlo*  aiunta  orator  of  12,000-1%.  out  Boy 
%«•%  (not  So.  90)  droppod  froa  10,000  foot.  Lowor 
▼low  ofeooo  brokoc  aooo  of  thlo  boob  found  225  foot 
obood  of  0 rotor.  Soto  tbo  tzpoeod  t brood*  of  nooo  plug. 
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Opper  Tlrw  them*  aoae  fracnenta  reco vered  from  12,000-lb. 
caet  Tall  Boy  boeb  (Plot  lo.  90).  lower  view  ehewe  bate 
plate  with  two  attached  fra^aeata  bulged  entvard. 
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71ew  of  crater  of  12, OOO-lb.  cast  Tall  Boy  boob  (Plot 
Sg.  93)  dropped  from  5000  feet.  Vote  eectlon  renal ned 
lrt  crater.  Lower  view  ehowt  large  note  fragment 
found  near  enter . 
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U)pp*r  vlow  ohovo  orator  of  aodlflod  12p000-lb.  f 10 
tooab  (flot  So.  102)  droppod  froa  5000  foot.  Lovor 
▼lov  ohovo  broken  Vane  plato.  Veto  tho  elreuaforoatlal 
oaparatlon  of  tho  roor  wold. 
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Fragment  of  modified  12,000-lh.  T 10  tout)  (Plot  So.  102) 
shoving  circumferential  separation  at  rear  veld.  This 
bomb  bad  been  strengthened  externally  voiding  eereral 
beads  over  the  original  rear  veil.  Finger  at  right 
points  to  strip  of  external  veld,  adhering  to  original 
veld.  Finger  at  left  points  to  external  veld  on  bomb 
body. 
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ft absent  from  body  of  oodlfiod  12, OOO-lb.  T 10 
b°*b  (Plot  Bo.  102).  BtTtrH  curraturo  at  bottom 
of  fra^aont  lndicatoo  boob  body  boon  doatod 
near  baoe. 
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Opper  view  shows  crater  of  modified  12,  OOO-lb.  T 10 
boeb  (Plot  lo.  104)  dropped  froa  5000  feet.  Bomb 
struck  os  7 Mttr  roof  and  ricocheted  Into  old 
crater  on  4$  aeter  roof,  ae  shown  In  lower  view. 
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Tlwi  of  22,000-1%.  T 14  boat  (fflot  So.  96)  Aroppod 
tram.  475O  foot.  Lovor  <riov  ah  ova  dOat  1l  boab  body 
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Opp*r  tlw  ahowa  oratar  oi  22,000*11.  f 1%  >soab 
(Fl^i  Mb,  97)  toaw»*  fM  fMt.  Uaw 
▼law  ahowa  train*  Imb  tf  Waft,  witk  traak  alone 
raar  eircoafaraaital  *al4. 
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Ojppor  Tim  ih«M  mtw  •t’  22,00041.  filial 
(Flat  I*.  113)  4r«j»o4  fiw  10,000  fMi.  low 
vim  ofeov*  Vrfl*a  teM  of  Mb,  vitk  oloac 

mx  olwf«n»tltl  noil. 
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?l«*  of  Uw  cratar  tad  perforation  halo  a 
22.000-1*.  Itf  tettoa  W)  (Plct  Is.  95-) 
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fUM  «f  enter  «i  yerfintlN  «f  22.00MI. 
SAT  AauMtt  Ink  (fut  9*.  100)  inypei  fv«a 
17,500  fnt. 
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View*  of  rose  and  baas  of  *— gnn  boob  (Plot  lo.  100) 
vLich  perforated  U 1/2  aeter  roe/  aod  broke  up  on 
floor.  finder  polnte  to  crack  in  bcab  body. 
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«•*  ohovs  22,000*1%  Iff  JMTOtt  tart  (not  Bo.  101) 
•Irlklii  am  oonu  of  moot  portseope  feooor.  Lower  tIm  itm 
ooasroto  Alolod^oA  ty  Boob. 
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Oppor  tIw  shove  corasr  of  soot  periscope 
tower  where  Haases  boah  (Plot  Bo.  101}  struck 
Lower  7t«  shows  ooao  of  the  fraesoate  re- 
covered frets  erster  la  smttd  beaseth  tower. 
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VppOT  ?tiv  ikOM  MM  of  4MMt  Wok  (not  So.  10S) 
Volae  liftoA  eat  of  orator.  lowr  tIow  ikm  fwpoot 
with  port  of  tu«  rise  oltetkoi  Viator  potato  to 
brook  oztoaAlac  throve^  roar  void. 
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?1«m  of  cr*t«r  'of  22,000-lb.  SUP 
fc.  107)  droppod  fro*  17,500  f*et. 
t«lMoop*d  into  b«*e  of  bod/. 


*— goo  botib  (not 

feU  — fbly  bM 
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of  ths  point  of  strike  of  22,000>lb.  SAP 
Susan  boob  (Plot  So.  109)  dropped  fra»  17,500  fdst. 
fainter  show  #i«re  banb  body  otruek  sftdnst 
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fltv  of  orator  and  parf oration  produced  by  22, OOO-lb 
SAP  iaacon  boab  (Plot  lo.  Il6)  dropped  fros 
17,500  feet. 
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Upper  view  shove  two  perforations  in  roof  over  lock 
chanter  nade  by  Ana ion  boat*.  (Plot  lo.  116  at  left 
Plot  So.  $5  at  right).  Lover  rlev  shove  orator  Bade 
by  Bo.  116  on  secondary  iapact  in  lock  chamber. 
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Upper  view  ahova  baae  of  broken  ioiion  boab  (Flot  So.  116) 
In  lock  chamber.  Bear  weld  held  In  thla  lnatance.  Lover 
view  ahova  auxiliary  booater  from  thla  boab. 
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Cr«t«r  of  22,000-lb.  iae tea  lest  (Hot  Bo.  119)  dropped, 
froa  17.500  feet,  before  end  eftor  debrie  io  reap  rod. 
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▼l«v  of  iuK&  boat  (Plot  >0.  119)  bcrlod  la 
orator. 
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Crater  of  1650-lb.  Model  bo*b  (Plot  So.  Ill)  boforo  end 
of tor  reaoral  of  dobrlo.  Boob  woo  dropped  from  9600  foot. 
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Upper  t1«v  above  crater  of  1650-lb.  Model  boat)  (Plot  10.124) 
dropped  fro*  15,600  foot.  Lover  rlev  shove  heat  boab  resting 
In  adjacent  crater. 
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Atrial  tIw  at  root  at  Heligoland  target. 
eapl&ceaent  at  center  was  used  aa  alalog  point. 
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Crater  and  perforation  Mde  ty  Diaeagr  Boab  (Plot  So»3) 
Trial  I. 
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Disney  Bomb  (Plot  No.  5)  lodged  in  basement 
floor  after  perforating  roof  and  main  floor. 
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Crater  and:  perforation  made  "by  Disney  Bomb  (Plot  No.  7)- 
frled  V. 
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DUney  Bomb  (Plot  Bo*  9)  'odged  in  basement  floor 
after  perforating  roof  ana  two  floor** 
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md  p*rfer*feioa  *»d*  by  SLsmq?  Boab  (Plot;  lo.  11) 
Trial  Xlll 


Crater  and  perforation  made  by  Dianey  Bomb  (Plot  So.  12) 
Trial  X7X. 
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IficlMur*  13,  p«c«  15 


Grater  and  perforation  mAde  by  Disney  Boat  (Plot  So.  1&) 
Trial  X7I 


Incloeura  13*  P*C*  19 


Diaaejr  Bomb  with  9T  filler  (Srial  2H)  exploded  upon 
etrildng  of  etaaa  tunnel  leading  to  target. 

Lower  view  abovs  fragnante  typical  of  high  order 
detonation. 
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View*  showing  rocket  no  tor  plate,  rocket  fuse  pot, 
and  base  cap  of  Disney  Boat  of  Trial  XVI,  which 
exploded  in  steaa  tunnel,  lote  pistol  to  left  of  ruler 
in  upper  riew. 
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araur*ad  perforation  and*  Dp  Di.no 7 let  (Plot  So.  20) 
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Gr*t«r  of  2000-lb  SAP  boab  (Plot  la.  25J  fetal  XTU.  Bcm* 
r— Iliad  In  cnrtcr. 


Crat«r  and  fragMnta  of  2000-lb  SAP  Boob  (Plot  So,27) 

Trial  XVII.  Bgkj  broke  up  and  filler  ignited  lav  order. 
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Qrater  proAiead  l gr  lire  2000-lb.  SUP  bomb 
Trial  XXII. 


(Plot  So, 58) 
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Live  2000-lb.  bomb  (P'.ot  Wo.Li),  Trial  XXII  which  did 
act  eaploda.  f\ue  was  armed. 
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Crater  produced  by  live  2000-lb.  SAP  bomb  (Plot  80.^3) 
Trial  XXII. 


Iaolosure  19.  ;*re  i.Q 


Crater  of  live  2000-lb.  SAP  bomb  (Plot  *0.44)  Trial  XXII 
which  functioned  low  order.  Picratol  wee  scattered  over 
wide  area. 
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1.  The  probie*  of  concrete  penetration  hat  been  the  snb'ect  of 
uxch  investigation  both  In  the  United  States  and  Great  Bn  vain.  The 
American  work  wince  19^0  was  carried  out  at  Princeton  University  by  the 
Cowaittee  on  ikssive  Protection  Against  Boshing  of  the  Rational  Acsdesy 
of  Sciences,  and  by  its  successor,  the  CcsKlttee  on  fortification 
Design  of  the  fetional  Research  Council,  and  has  been  closely  integrated 
with  the  program  in  tern  leal  ballistics  of  Division  2,  BBC.  British 
work  on  this  subject  'was  done  at  the  Beads  Research  Laboratory.'1' 

2.  The  Appendix  of  the  QSfiD  Veep on  Data  Handbook^  gives  tus 
aost  widely  need  American  formula  in  literal  aid  in  aligwent  chart 
font: 


where 


t - (l/Z  ♦ 2*2  s"°-5  JLd°-a5  v 1*5).f(e), 

P 

s * penetration  of  projectile  in  calibers, 

V « weight  of  projectile  in  pounds, 
d * caliber  of  projectile  in  inches, 


striking  velocity  of  projectile  in  thousands  of 
feet  per  second, 

S * eoapresslve  strength  of  concrete  of  target  in 
pouids  per  square  inch,  A.S.T.M,  test  on  6" 
disaster,  12*  long  cylinders, 

G ■ Angle  of  lapse  t ■assured  trom  the  norael  to  the 
target. 


and  f(9)  it  s function  of  the  obliquity  of  the  lapse t.  This  f crania 
was  based  on  sn  analysis  of  cpproadLastaly  600  rounds  of  AP  projectiles 
of  calibers  ranging  fron  37  as.  to  l6",  and  10  rooms  of  inert  beds, 
fired  in  tests  up  to  fvbruary  1943* 

3.  A British  fonula  of  approximately  the  cum  data*  lei 

s • 6.3(1  - J&£5P9m. ) v (&0#2  t 1,5  , 

20000  73  ^ " 

where  all  synbols  have  the  mbs  waning  as  before,  and 


e * disaster  of  the  aggregate  used  in  the 

concrete, 
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coapr«*«ive  strength  of  concrete  of  target  in 
pounds  per  square  inch,  standard  British  test  on 
o*  cubes. 


this  fomla  is  not  considered  to  he  valid  for  large  bcabe.  the  n m 
British  fomla  will  replace  the  linear  function  of  S'  by  *ad 
will  hare  a different  exponent  far  the  velocity.  Bar  comparison,  the 
Aaarican  test  for  concrete  strei^th  gives  a figure  equal  to  3/^ths  of 
the  figure  obtained  fron  the  British  test. 


4.  later  inerlean  work  indicated  that  the  concrete  properties 
entered  into  the  fomla  in  such  aore  complicated  a fashion,  and  that 
the  effect  of  the  noee  shape  of  the  projectile  has  to  be  taken  into 
account.  This  lsed  to  ths  f omnia'" : 


<Ks)  « Ini0*2  JL  T^*8  , 

tiaara  * 

<Ks)  * g2  if  0 * s • 2« 

TP 

•»  c - 1 if  2<s, 


n ■ nose  shape  factor,  naaerically  equal  to 

0.72  ♦ 0.25 p - 0 25  ♦ vher^s  1 is  the  radius  of 
the  ogive  or  the  noee  « in  calibers, 

and  I • ths  penetrability  of  the  target  concrete. 


5.  The  dependence  of  K on  the  concrete  properties  has  not  bean 
completely  analysed,  for  the  purposes  of  this  report  an  analysis  was 
aade  of  the  caliber  ,50  firing  data  for  the  Strength  and  Aggregate 
series  of  the  CUD  Interim  report  fi^.28,  (slabs  22A 2,  22B1,  22GL,  22B1, 
22H,  ZS\%  22 (&,  22HL,  and  28J1)  'H/.  The  following  f omnia  for  I was 
cfetaiasdt 


1 - 226  c-0,2  $“°*5  , 

Tbs  accnmcy  of  this  fomla  is  questionable,  since  tbs  sggragste  used 
in  these  figures  ranged  in  else  from  1/4  to  2 tines  ths  cslibsr  of  the 
projectile  used;  idureas,  on  ths  Parge  target  the  aggregate  ranged  from 
1/6  to  l/25  times  the  disasters  of  the  pro Jec tiles  used. 

6,  The  dependence  of  penetration  norasl  to  the  snrface  of  the 
target  on  velocity  and  angle  of  impact  it  given  on  page  b . This  le 
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titaa  fr on  CfD  laterla  Bepoxt  lo.  28*  Me*  2°  ^ » for  the  call  bar  .50 
steal  projectile  with  1.5  caliber  radius  head.  It  lw  known  that  this 
factor  depends  on  noaa  ships  a*  Mill  as  velocity  and  angle  of  iapact, 
and  it  la  probable  that  the  length  of  the  projectile  la  inrolved. 
particularly  aaar  the  ricochet  range. 

7.  the  penetrability  of  the  Verge  concrete  1a  tabulated  on  pages 
7 to  11  for  each  strike  on  the  Verge  target  which  wade  a crater.  She 
penetration  female  need  la  the  latest  one  given  In  para.  4.  Correct- 
ions were  made  to  the  penetrations  using  the  corvee  of  the  figare  on 
page  6 • Values  of  the  predicted  penetration  froa  the  Jnerleen  and 
Brltlah  f crania*  of  paras.  2 and  3 ere  also  given.  These  have  been 
eoqputed  for  non-nornal  Incidence  using  the  corvee  of  the  figure  on 
page  6 . Vo r theee  conputatlone  the  strsngth  of  the  conorete  has  been 
taken  to  be  5270  pel  British  test,  39$0  pel  Jnerlcan  test,  and  the 
■artan  dlaneter  cf  the  aggregate  as  2 Inches.  These  figures  ere  taken 
froa  Qeraan  conetruotion  data  obtained  fren  the  principal  cone  traction 
fin.  The  concrete  specifications  called  for  aggregate  of jeerlna 
disaster  40-42  na(  and  a eoapreaaive  strength  cfsOO  kg/ or  by  the 
Osman  standard  test  on  2D  a cubes.  The  aggregate  else  turned  out  to 
be  bo-50  as.  end  because  of  seasonal  variations  In  the  water  content 
of  the  aggregate,  the  average  ccnpra  salve  strength  turned  out  to  be 
37C  kg/cS2.  Since  the  strength  of  a short  cclnan  depends  on  the 
slenderness  ratio  (length/ dime  ter)  rather  than  the  alas,  the  Gtman 
figare  is  need.  Irani  nation  of  broken  concrete  surfaces  on  the  target 
confine  the  figare  for  aggregate  else,  while  a teat  by  the  Hoads 
Research  laboratory  on  staples  oat  f ran  rabble  gars  an  average  value  of 
**900  pal  for  the  eonpreaeive  strength.  This  latter  figare  my  he  too 
low.  since  the  rubble  had  already  been  subjected  to  a breaking  stress. 
The  following  is  a glossary  of  the  eyehole  used  in  the  tables: 

x ■ nornal  penetration  seasorsd  in  inches. 

x ■ predieted  norml  penetration  calculated  this  the 

1 inert. can  f omnia  of  para.  2 and  the  correction 
factors  of  the  figare  on  pe£«  b . 

x » predieted  nornal  penetration  cel  ml  atari  froa  the 

2 Brltlah  female  of  para.  3 end  the  correction 
factors  of  the  figare  on  pegs  b • 

x ■ predicted  norml  penetration  cal  col  a ted  free  the 

3 jnerlcan  f omnia  cf  paras,  4 and  5 and  the 
correction  factors  of  the  figare  on  page  b • 

eke  naaaorod  penetration  oorreeted  for  rna  n rrml 
incidence,  in  calibers. 
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<K«)  • s2  if  0 • * • 2, 

TT 

- * - 1 if  2<  s, 

▼#»  impact  velocity  is  thousands  of  feet  par  second. 
® a angle  of  lapeet  in  degrees  (accuracy  100) . 

V a weight  of  boah  in  pound*. 

4 ■ caliber  of  bcab  la  inches. 

I * radio*  of  be*t>fittixg  tangent  ogive  in  caliber*. 


n ■ nose  shape  factor  * 0.72  + 0.23 y*  - 0.23  • 

I . «.•>/<-*«  T.«  -£>.  a.  M - «• 

concrete  calculated  fraa  the  formal#  of  para.  4, 
for  the  plot  in  qnastioa. 

8.  The  average  value  of  the  penetrability  of  fsrga,  using  all 
dr  ope  that  aade  recognisable  craters,  is  2.8;  if  *11  drop#  with 
penetrabilities  below  1,0  end  shore  4.0  ere  excluded  (IP  # 2,  Sell 
Bar*  # 93,  104,  Orand  Sleas  # 9b,  97*  and  Disney  ♦ 85),  thie  drops  io 
2.o.  In  cos  treat  to  this,  the  f areola  of  para.  5 predict#  a peustra- 
bility  of  3.13,  if  the  concrete  strength  gf  370  kg/ca2  is  need,  and 
3*00  if  the  figure  of  400  kg/ea2  le  used.  Clearly  it  ie  necessary  to 
find  a acre  trostvortty  foraala  for  penetrability  than  the  one  given 
hare.  1 possible  source  of  error  la  penetration  data  of  this  report 
le  that  aoet  of  tbs  hits  used  wars  bash*  that  broke  up.  Shi*  Includes 
the  Dlsneys,  because  the  tell  unit,  which  le  about  one-fourth  the 
weight  of  the  tahb,  drops  off  at  suae  time  during  the  iapset  and  is  of 
no  farther  aid.  Bower er,  this  effect  is  not  calculable;  all  that  can 
be  said  is  that  the  penetrability  should  bs  mail  tr. 

9.  She  unassisted  Disney*  just  reached  the  scabbing  Unit  at 
Ihrgs,  iccordiig  to  tbs  Weapons  BmCbook^,  the  aaxlaaa  thl oknsss 
that  eaa  b*  scabbed  is  glron  by 

e - 2.26  d + 1.13  x. 

for  a penetration  of  10 ‘-6  ",  the  scab  Halt  is  l4<-9",  the  thickness 
of  the  fhrge  roof. 

10.  In  the  wmm  reference,  the  relation  for  the  aarimn  thickness 
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perforable  la  terma  of  penetration  it 

e » 1.23  <*  ♦ 1.07  x. 

for  the  unassisted  Disney*,  this  gives  a perforation  limit  of  12 ’-10" 
for  an  average  penetration  of  10*-6".  This  is  in  aosord  with  the 
Heligoland  Dleneys,  which  perforated  the  10  foot  roof  every  time,  and 
also  in  aocoid  with  the  Targe  Disney*  which  never  perforated.  She 
aaaiated  Disney*  & Farge  which  stopped  in  the  roof  have  an  average 
penetration  of  13 *-10*,  and  for  this  the  perforation  limit  la  l6*-4*. 

In  the  case  of  the  Aaasons,  the  average  penetration,  while  not  at 
accurately  known,  le  11**2";  the  corresponding  perforation  limit  ia 
15**10".  These  figures  agree  with  the  perforations  by  Dismays  and 
Jmasons  at  Targe. 

11.  An  Immediately  obvious  phenomenon  is  the  J-ing  of  the 
trajectory  in  concrete;  the  nose  of  the  bomb  turns  up  in  penetration, 
and  the  bomb  tends  to  line  up  with  the  back  side  of  the  crater.  Ihls 
can  be  seen  particularly  in  the  Disney  crater  profiles  (Inclosure  9), 
and  in  the  dentil^  of  the  other  bcebs.  This  turning  arises  because  the 
resistance  to  penetration  is  not  along  the  axis  of  the  bomb,  but  above 
it.  The  consequent  turning  moment  slaps  the  bomb  against  the  back  side 
of  the  crater,  causing  denting,  bending  and  breakup.  This  does  not 
happen  in  normal  incidence,  hence  a design  theory  of  bombs  should  con* 
aider  them  not  as  axially  loaded  columns,  but  as  columns  with  a not- 
arial load  and  a further  force  perpendicular  to  the  axis  applied  at  a 
point  towards  the  rear  of  the  bomb.  The  same  holds  true  of  a bomb 
emerging  from  a concrete  slab,  except  that  the  directions  of  the  turning 
moments  are  reversed. 

Tooraoras 

(1)  A complete  bibliography  of  American  work  on  this  rabject  is  given 
in  final  Beport  on  Concrete  Penetration,  by  B.A.  Beth.  KHC  Beport  Bo. 

m),  March  Iff&r "Confidential. 


in  final 

A-3®rn 

(2)  Bom 
Xdltlon, 


Data:  Tire, 


it  and  hi 
ifldentlaJ 


CSHD  no.  6053,  final 


(3)  See  (1). 


(4)  Ballistic  Testa  on  Concrete  Slabs.  Tables  of  Data,  CTD  Interim 
HeporT  Ilo."  &,  ippealix  A.  W T^rStipe.  Jr..  H.*.  SeWa,  J.T. 
Pitteng er  and  B.  J.  Hansen.  June  1944.  Unclassified. 

(5)  Ballistic  Testa  co  Concrete  Slabs,  CTD  Interim  Beport  So.  28,  by 
J.d.  Stipe,  Jr.,  fiefcwus,  J.t,  Pitt  anger  and  B.  J.  Hansen. 

June  1944.  Unclassified. 

(6)  See  (2). 
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THE  D-9  SHiCKLE 


1.  Pmlou»  Tests » 

The  D-9  shaokl*  wes  tested  in  Projeot  Hoe*  l«45"ii3  end  1-45-63 » 
end  wee  found  to  be  unset iefeo to ry.  The  sheokle  wes  sod i fled  by  Air 
Ueteriel  Cotgsand,  by  installing  e "Kicker"  link  oozmeoting  the  eheokle 
release  era  to  the  looking  hook  era.  Only  two  bombs  were  releeeed 
frcm  eeoh  of  two  aodified  sheoklee  on  the  above  tests.  One  eheokle 
released  setisfsotorily  two  12,000-lb  bombs,  end  the  second  eheokle 
setisfeotorily  releeeed  on*  12,000-lb  end  one  22, 000- lb  bomb. 

2.  Present  Tests i 

The  aodified  eheokle  wee  used  for  ell  26  lerge  bombs  releeeed 
from  Project  Ruby  B-29  eirplenes.  Of  these  26  releeses  there  were  only 
three  eheokle  aelfunotions.  One  12, 000-1 b (T10)  Tell  Bqy  wes  dropped 
with  one  me 1 function.  Bine  22,000-lb  (Tl4)  Grand  Slens  were  dropped 
with  no  uel functions . Sixteen  22,000-lb  (T28)  Aaesons  were  dropped 
with  two  aelfunotions. 

e.  Tell  Boy  Drops i 

The  sal  function  of  the  Tell  Boy  releese  wes  due  to  the 
iaproper  position  of  the  A -4  releese  in  reletion  to  the  sheokle. 

When  changing  the  booh  load  from  e Grand  Slea  to  e tell  Boy,  the  angle 
of  the  sheokle  changes  due  to  the  difference  in  bomb  diameter  end  the 
position  of  the  A-ii  releese  must  bo  ohanged  to  eoooamodate  the  o hangs 
in  tho  sheokle  position.  In  loading  the  Tell  Boy  the  A -4  releese  wes 
not  repositioned.  Therefore,  when  trying  to  releese  th«  boab  it  would 
not  drop  beoauae  the  sheokle  releese  end  arming  levers  had  slipped  out 
of  the  A -4  releese.-  This  malfunction  is  chargeable  striotly  to  per- 
sonnel error. 


b.  Amaton  Drops i 


The  two  aelfunotions  ooourring  while  carrying  the  22,000- 
lb  Amaeons  were  the  result  of  the  A -4  release  failing  to  trip  the  re- 
leese lever  of  the  sheokle.  This  failure  was  evidently  caused  by  the 
inability  of  the  A-i*  release  to  provide  enough  force  to  overooae  the 
additional  load  oaused  by  the  22,000-lb  Ames  on.  The  Grand  81am  is  46 
inches  in  diameter  while  the  Amason  is  only  inches  In  diameter, 
although  they  both  weigh  22,000  pounds.  Because  of  this  difference 
in  diameters  the  sheokle  makes  a greater  angle  with  the  vertioal  when 
supporting  the  Amason,  resulting  in  e larger  load  faotor  for  the  shaok- 
le.  This  inorease  in  load  is  apparently  enough  to  overload  the  sheokle 
and  oause  a hang  up  due  to  frictional  resistance . Ste  < aoond  hang  up 
was  on  a sheokle  that  had  previously  dropped  taro  Amaton*.  This  is 
very  similar  to  what  happened  on  the  original  D-9  sheokle  when  dropping 
Grand  Slams  on  Projeot  lo.  1-45-43* 
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The  L>-9  shackle  was  not  used  for  arming  the  bomb6  at  any  time*  A 
separate  A-2  arming  control  was  used. 


3.  Conclusions t 

a*  It  Is  concluded  that: 

(1)  The  modified  D-9  ehaokle  is  satisfactory  for  carry- 
ing and  releasing  the  12,000-lb  (T10)  Tal)  Boy  or 
the  22,000-lb  (Tll<)  Grand  Slam  bomb# 

(2)  The  modified  D-9  shackle  is  not  satisfactory  for 
releasing  the  22,000-lb  (T2£)  Amazon  bomb* 
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T723  FUZE  REPORT. 

1.  Ten  of  the  14  Amazon  bomba  dropped  at  Parge  were  fitted  with 
T723  tail  fuzea.  Each  boob  contained  one  fuze  froa  Lot  PAE-T46-365 
(empty  fuze  with  metal  parta  only),  one  fuze  from  Lot  PAE-T46-366 
(loaded  detonator  and  booster  leads),  and  one  fuze  froa  Lot  PAE-T46-367 
(loaded  delay  elements  only).  Each  boob  was  fitted  with  three  adapter 
boosters  from  Lot  PAE-T4c-3b3,  containing  inert  pellets.  The  fuzes 
were  dropped  unarmed  to  determine  whether  they  would  stand  up  against 
concrete  when  dropped  from  17,500  feet  altitude.  Three  fuzes  were 
recovered  from  Plot  Mo.  100,  three  from  Plot  No.  107,  and  two  from 
Plot  No.  10%  and  these  were  sent  to  Picatinny  Arsenal  for  examination. 
The  following  paragraphs  from  2nd  Indorsement  Picatinny  Arsenal  to 
Chief  of  Ordnance,  23  September  1946,  0.0.  471. 82/301 (C),  QRDB  471.82/ 
2299,  contain  a report  of  examination  of  the  above  fuses. 

a.  "Sight  Bomb  Tail  Fuzea,  T723,  vers  received  from  the  Buby 
Project,  Parge,  Germany.  Two  fuzea  are  of  Lot  PAK-T46-36 5 , three  fuzea 
are  of  Lot  PAE-T46-366  and  three  fuzea  are  of  Lot  PA^T46-367.  Puzos 
as  they  were  received  are  shown  on  Photographs  Nos.  lt-32355  and 
U-32356,  copies  of  which  are  inclosed  (pages  3 and  4)*  Results  of 
examination  of  the  recovered  fuzes  are  as  follows! 

(1)  ftise  No.  1.  This  fuze  is  of  Lot  PAS-T46-367.  It 
apparently  withstood  impact,  since  the  primer- 
detonator  had  not  fired  and  the  rotor  was  in  the  safe 
position.  The  primer-detonator  was  tested  but  failed 

because  of  inability  of  the  H39  Special  Primer  to 
ignite  the  delay  composition.  A new  M39  Special 
Primer  was  assembled  and  the  primer-detonator  was 
retested.  A delay  time  of  12.72  seconds  was  obtained* 

(2)  Puze  No.  3.  This  fuze  is  of  Lot  PAS-T46-365.  It 
withstood  Impact,  as  examination  revealed  that  the 
inert  prlmer-t  stonator  was  undamaged  and  that  the 
inert  rotor  was  in  the  safe  position. 

(3)  Puze  No.  3.  This  fuze  is  of  Lot  PAE-T46-367.  It  did 
not  withstand  impact,  probably  because  of  weakness  of 
the  bomb.  The  examination  revealed  that  the  fuse 
body  was  crushed  by  side  impact.  The  M39  Special 

Primer  was  squssssd  into  an  oval  shape  and  apparently 
fired  by  the  squeezing  action.  The  rotor  cavity  was 
wiped  off.  No  rotor  was  rscsivsd  with  fuss.  Photo- 
graph Mo,  E-32356A,  pags  5,  shows  the  fuss  body 
after  mechanical  sectioning.  The  remains  of  the  T32 
Adapter  indioats  that  the  22, 000-lb.  bomb,  in  which 
the  fuse  was  aasmabled,  did  not  withstand  impact. 
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(4)  Fuze  No.  4»  This  fuze  is  of  Lot  PAE-T46-367.  The 
fuze  Apparently  withstood  impact*  Primer-detonator 
was  removed  and  fired  at  a delay  of  12.6  seconds. 

The  rotor  was  in  the  safe  position. 

(5)  Euze  No.  5.  This  fuze  is  of  Lot  PAE-T46-366.  The 
fuze  apparently  withstood  impact.  The  inert  primer- 
detonator  was  not  damaged.  The  rotor  was  in  the  safe 
position.  The  detonator  and  tetryl  lead  were  not 
fired. 

(6)  Fuze  No.  6.  This  fuze  was  of  Lot  PAE-T46-366.  That 
portion  of  the  Adapter  Booster  containing  the  tetryl 
charge  (booster  cup)  was  not  received  with  the  fuze* 
Examination  indicates  that  set-forward  caused  a 
tension  break  at  the  booster  cup  threads.  The  inert 
primer-detonator  was  not  damaged.  The  rotor  had  not 
armed.  Neither  the  Detonator  nor  tetryl  lead  had 
fired. 

(7)  Fuze  No.  7.  This  fuze  is  of  Lot  PAE-T46-365.  This 
fuze  withstood  impact.  The  inert  primer-detonator 
was  not  damaged.  The  rotor  was  in  the  sefe  position. 

(8)  Fuze  No.  8.-  Thio  fuze  was  of  Lot  FAE-T46-366.  The 
fuze  withstood  impact.  The  inert  primer-detonator  was 

not  damaged.  The  rotor  was  in  the  safe  position. 
Neither  the  detonator  nor  the  tetryl  lead  was  fired. 

b.  Nine  primer-detonators  for  the  T723  Fuze  which  were  loaded 
at  the  same  time  as  those  which  were  received  from  the  Ruby  Project 
were  tested  for  comparison.  During  tests,  two  primer  failures  were 
obtained.  The  primer-detonators  both  fired  on  retests  when  fresh 
primers  were  used.  The  delay  times  obtained  in  seconds  aret  13.23, 
12.73,  13.11,  13.22,  13.18,  13.15,  13.10,  12.96,  and  13.53.  Because 
of  the  failures  of  the  M39  Special  Primer  to  ignite  the  delay  powder, 
an  investigation  is  being  conducted. 

c.  Preliminary  results  of  the  Investigation  indicate  that 

MA2  Primers  which  also  use  the  No.  793  semi -gasless  mixture  are  erratic. 
Measurements  of  the  duration  of  the  flash  show  that  in  fresh  primers 
it  varies  from  .004  second  to  over  .100  seoond  with  an  average  duration 
of  .023  second.  After  ene  month's  storage  at  65°C,  the  average  duration 
is  .006  second.  Comparison  tests  with  the  New  No.  4 Primers  for  dur- 
ation of  flash  Indicates  an  average  of  .002  second  with  fresh  primers. 
After  storage  for  thirteen  daye  at  65°C,  the  average  duration  of  flash 
rises  to  .007  second.  Primer  failures  are  obtained  with  the  New  No. 

4 Primer  after  storage  at  65 ®C  for  one  month. N 
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32355  August  1946  PICATINNY  ABSINAL  OAONANCI  DtfAATMINT 

T-723  Tall  Bonb  Futea  (Toch.  5) 

Aa  recovered  at  Ruby  Project,  Farge,  Oarmanjr  < 


T-723  Tail  Boob  Fuies  (Tech.  5} 

recovered  at  Ruby  Project,  Farge,  Germany 


HEADQUARTERS 

AIK  PROVING  GROUND  COMMAND 
EG  LIN  FIELD,  FLORIDA 

PROJECT  DISTRIBUTION  LIS? 


PROJECT  NO.  1-46-7 

COMPARATIVE  TEST  OF  THE  EFFECTIVENESS  OF  LARGE  BOMBS  AGAINST 
REINFORCED  CONCRETE  STRUCTURES  (ANGLO-AMERICAN  BOMB  TESTS- 

PROJECT  ROBT) 


Hq.  AAF  Wash.  25,  D.C.  AC/AS-3 

Proof  Division  Pilot 

Naval  Liaison  Offics,  AAFPG 

AAFPG  Liaacn  Officer,  AMC 

CG,  AMC  ATTNt  TSEDL,  Mr.  R.  A.  Tetsrs 

Hq.  AAP  Library 

Asro  Pub  Officer,  NAS,  Patuxont 
CO,  AAP,  Watson  Laboratory 
Command  Ac  Gan  oral  Staff  Sehool 


Army  Ground  Poross  - ATTN  j Gen.  Doyle 
Air  Dafenss  Command 
Taotical  Air  Counand 


Hq,  Marins  Corps 

Chisf,  Buroau  Asronsutics,  USN 

Dop.  Chisf,  Nsval  Opsr.  (Air)  Op-517 

Air  Univsrsity  Library 

CG,  Stratogio  Air  Coooand 

CG,  AAP  Training  Ccaoand,  Af/AS-2  In  tall 


Air  Tactical  School,  Tyndal'.  Fid. 

00,  620th  AAP  Baas  Unit,  Muroe,  Cal 

Hqs,  Mather  Fid,  Saereaento,  ATTNt  Dspt  of  Research  and 
Dsvslopoont 

Asst  Chf  of  Naval  Op,  Navy  Dspt,  Wash,  ATTNt  Marins 

Aviation  (Op-52) 

Chf  of  tha  Bureau  of  Aero. ,Ni 


Javy  Dept., Wash,  ATTNt  Asst 

Developosnt  and 

Dep  Chf  of  Naval  Op,  (Air),  Navy  Dipt.,  lash 


Chf  of  Re^ear^h,  Development  jand  Engineering^ 


Chf  of  Bursau  of  Ordnance,  Navy  Dept . , Wash,  ATTNt  SsS 
CO,  613th  AAP  BU,  Aberdeen  PG. 

GMA,  London,  ATTNt  Colonel  P.  P.  Reed 
Air  Ordnance,  ATTNt  Colonel  Cyr 
Aberdeen  Boobing  Mission,  Muroo,  Cal. 

Operations  Analysis  Div,  Wash. 

Hq.  US  APE,  APO  633,  New  York,  ATTNt  A-3 
Chf,  Bureau  of  Ordnance,  US  Navy,  Wash. 

Chf,  of  Ordnance,  Wash,  ATTNt  Research^  Developosnt  Service 
A-3  Ordnance  Officer,  APGC 


Quantity 

12 

1 

1 

1 

10 

2 

2 

1 

1 

1 

3 

3 

1 

2 

1 

5 
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1 
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1 

1 
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1 

16 

2 
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2 
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3 
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